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PREFACE. 



In the Preface to the last Edition, I gave a list of 
the places where new matter had been introduced, 
or where opinions expressed in former Editions 
had been modified or renounced. I shall now 
again subjoin a similar list for the sake of those 
readers who have already studied this work, but 
who may wish to refer at once to the additions 
and corrections now made for the first time. 

List of the principal Alterations, Additions, and OmiS' 
sions in the Fourth Edition, 

VOL. p. 

Hutton and Playfair on Origin of Valleys - - I. 92. 

On the climate of Europe when it was inhabited by the "^ 

Mammoth, Rhinoceros, Hippopotamus, and other 
fossil mammalia of extinct species - . 141. 

Speculations on the manner in which remains of the Sibe- 
rian Mammoth and Rhinoceros became imbedded in 
frozen mud and ice - - - 145. 

Effects of currents on climate - - - 1 65» 

Temperature of Southern hemisphere - . 171. 

Laplace on Depth of the Ocean - - 180. 

The eighth chapter, on the former geological states of 
the earth's surlkce as connected with successive changes 
of climate, entirely recast - - - 194. 

On vertebrated remains in the Transition and other strata, 
and their bearing on the theory of progressive develop- 
ment ... 227 to 234. 
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IV PREFACE. 

List of AlterationSf 4fC. vol. f. 

Two wood-cuts of jaws of fossil quadrupeds from Stones- 
field - - - - I. 232. 

Blocks drifted by ice in the Baltic ... 267. 

Professor Sedgwick's opinion of concretionary arrange- 
ment of Magnesian limestone admitted . - 314, 31.5. 

Discussion on the rise of land in Sweden omitted here, 
and postponed to chap. xvii. book ii. . . 341. 

The glossary inserted here instead of at the end of the 

fourth volume .... 376. 

Rennell on the Gulf Stream and other principal Currents II. 4. 

Two views of Reculver Church taken in 1 781 and 1834 36, 37. 

Channel recently excavated by a current in Lake Erie 64. 

No eruption of JoruUo in 1819 ... ]90. 

Mr. Cuming on the Chilian Earthquake of 1822 - 233. 

PI. VI. View of Fort of Sindree as it appeared before 

the earthquake of 1819 - - - 238. 

Elevation and subsidence of land without earthquakes 331 to 349. 

Geological and other proofs of the gradual rise of land 
in Sweden observed by the author during a tour in 
that country in 18S4 .... (b, 

Herschel on the Mode in which the Centrifugal Force, 
co-operating with Aqueous Causes, might gradually 
have reduced the Earth to the Form of an Oblate 
Spherwd - - . - 352. 

Wood-cut of the Leming .... III. 58. 

Wood- cut of Mydaus meliceps - - .60. 

Drifting of quadrupeds on trees by the Amazon - 63. 

Honey-bee transplanted to America - - 85. 

The discussion on the influence of vegetation abridged 181. 

Buried Hindoo town - - ' - - 221. 

Fossil eggs of turtles from Ascension, with two wood cuts 290. 

Mr. Stutchbury on elevated Coral Reef many thousand 

feet high, in Otaheite - - - 318. 

Chapters ii. liL and iv. of the Fourth Book, rearranged 333. 

A portion of my original Preface inserted here relating 
to the observations made during my tours on the Con- 
tinent in 1829-30-31, and to the co-operation of 
M. Deshayes and others - 385 



Lilt of AUeraUant, ^c. t 

Wood cut of iiicino divarieolo - - -I, 

Wood cut of Mdania inquinala - 
A more correct view of Isle of Cjclops, by Capt. B. 

Hall, substituted for one before given 
Plate VIU. Gubstituted for a coloured plate formcrlf 

given. Extent of view on tlie left widened 
'Plate IX. A new view lookitig down tlie Val del Bove, 

with description of it _ _ . - 

Division of the Crsg into the coralline and red crag - 1 
Wood cuts of recent species of Cjpris 
Wood cut of Cerithium dnctum - . - 

Wood cuts of Cardium porulosum 
Auvergne alluviums in ancient figsures 
Professor Parrot's rettaetion of his oiiinion thai a 

great difference of Icrel exists between the CssiiiBn 

and Black seas .... 

Deposit called the Elephant Bed, at Brighton 
Ancient and modem classiBcation of Fosiliferous 
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Relations of the Wealden fossils to the Green.BaDd 

above and Oolite below ... 

New red-sandstone dislinguiabed from the inagoesian 

limestone group ... 

Old red-sandstone separated from the carboniferous 

group ...... 

Wood-cul of Ceplalaspis Lyellii 

Professor Sedgwicton the Difference between Stratifi- 

eation, Cleavage, and the Jmnted Slnicture - 361 to 366. 
Wood-cut showing parallel planes of cleavage inter- 



Strata not always altered by contact wiHi dikes 
Dufreaoy on Lias and Chalk of the Fyreaeea altered 
by Granite . , - . - 

Some objections to the motamorphic theory coniddered 



367. 



Tl PREFACR 



On former occasions I have acknowledged the 
valuable assistance afforded me by several of my 
friends in the execution of this work, and have 
especially alluded to the zealous co-operation of 
Mr. Murchison, Mr. Broderip, Dr. Fitton, and 
Mr. Lonsdale. I have now to express my thanks 
to Capt. Basil Hall for the improvements which 
he has suggested in the present edition, and for 
his having visited, at my request, several places 
in Italy and Sicily, with a view of obtaining for 
me more exact information on points on which I 
had entertained doubts. 

The original MS. of the Principles of Geo- 
logy was delivered to the publisher in 1827 ; but 
the greater portion of it was then in an unfinished 
state, the chapters on the early history of Geology 
and those on " the Inorganic Causes of Change," 
being the only ones then nearly ready for the press. 
The work was at that time intended to form two 
octavo volumes, which were to appear in the 
course of the year following. Their publication, 
however, was delayed by various geological tours 
which I made in the years 1828, 1829, 1830, and 
1831, in France, Italy, Sicily, and Germany. The 
following were the dates when the successive vo- 
lumes and editions^ finally appeared : — 




UlVol. inocrayo 


Jan. IflaO. 


2d Vol. do. 


Jan. 1H3S. 


latVol. 2d ed. in octavo 


1S32. 


2d Vol. 2ded. do. 


Jan. 1833. 


3d Vol. isled. do. 


M=y.le33. 


Naw edition of Ibe whole work 




in4volB. 12mo. 


Jlsy, 1834 



] 
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Before the spring of 1828 I had been at v; 
times occupied in the inqniry how far it might be 
possible to explain geological phenomena by re- 
ference to changes now going on in the globe; and 
1 had previously made geological lours both in 
England and France, in company with Professor 
C. Prevost of Paris, a writer well known to have 
laboured successfully in the same field of investi- 
gation. I had also examined, before I drew up 
the first outline of my work, the geology of part of 
Hampshire and Forfarshire, and had given some 
account of my observations to the Geological 
Society of London. Duritig the early part of 
1827, I was engaged in preparing for pub- 
lication an article on " Scrope's Geology of 
Central France," which appeared in the Quarterly 
Review in the October of that year. I was then 
led to reflect much on the extent to which one class 
of geological phenomena, namely, those relating 
to the igneous rocks, might be solved by the study 
of the operations of active volcanos. It is but 
justice to preceding authors to state that the 
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chapters which now appear in my fourth book on 
Auvergne, Cantal, Velay, and the Vivarais, were 
in great part written as they now stand before I 
had visited Central France ; so well had I become 
acquainted with the scenery of those regions of 
extinct volcanos by studying the beautiful pano- 
ramic views which illustrate Mr. Scrope's work, 
and by reading his graphic descriptions of the 
country, and those borrowed by him from Mont- 
losier. It will be found also that the speculations 
in which I have indulged in the article above re- 
ferred to in the Quarterly Review are in unison 
with the opinions I now hold. 

I have alluded more particularly in the text to 
the co-operation of several geologists and natural- 
ists who contributed towards the perfecting of dif- 
ferent parts of my work, and have mentioned the 
principal additions which I made subsequently to 
the spring of 1828. I shall now merely add, 
that the 3rd book, on the " Changes of the 
Organic World," which consisted in the original 
MS. merely of four or five short chapters, was 
expanded in 1831 into a treatise occupying the 
2d volume of my first edition. 



Glossary. — Being informed by several readers 
of my third edition, that they only discovered 
the Glossary when they arrived at the last volume, 
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I have in this instance appended it to the end 
of the first volume, in order that it may be con- 
veniently referred to by those who are beginning 
the work. 



If any person, in studying the Principles of 
Geology, should be lost in the digressions on 
collateral subjects which are introduced here and 
there, especially those relating to natural history 
in the third book, and should be unable to see the 
bearing of these on the topics which are more 
strictly geological, they are invited to refer from 
time to time to the annexed Summary, and to con- 
sult in connexion with it the abridged Table of 
Contents which follows at p. xv; 
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After some observations on the nature and objects 
of Geology (Chap. I. Vol. I.), a sketch ie given of the 
progress of opinion in this science, from the times of 
the earliest known writers to our own days (Chops. II. 
III. IV.). From this historical sketch it appears that 
the first cultivators of geology indulged in many vi- 
sionary theories, the errors of which the author refers 
chiefly to one common source, — a prevailing per- 
suasion that the ancient causes of changewere different, 
both as regards their nature and energy to those now 
in action ; in other words, they supposed that the 
causes by which the crust of the earth, and its habit- 
able surface, have been modified at remote periods, 
were almost entirely distinct from the operations by 
which the surface and crust of the planet are now un- 
dergoing a gradual change. Tlie prejudices which 
led to this assumed discordance of ancient and modem 
causes are then considered (Chap. V. to p. 122. Vol. I,), 
and the author contends, that neither tlie imagined 
universality of certain sedimentary formations (Chap. 
v.), nor the difFereot climates which formerly pervaded 
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the northern hemisphere (Chaps. VI. VIL VIII.), nor 
the alleged progressive development of organic life 
(Chap. IX.)y lend any solid support to the assump- 
tion. 

The numerous topics of general interest brought 
under review in discussing this fundamental question 
are freely enlarged upon, in the hope of stimulating 
the curiosity of the reader. It is presumed that when 
he has convinced himself, that the forces formerly 
employed to remodel the crust of the earth were the 
same in kind and energy as those now acting, or even 
if he perceives that the opposite hypothesis is, at least, 
questionable, he will enter upon tlie study of the two 
treatises which follow (on the Changes now in pro- 
gress in the Organic and Inorganic World, Books II. 
and III.) with a just sense of the importance of their 
subject matter, and its direct bearing on Geology. 

The first of these treatises, which relates to the 
changes of the inorganic creation, such as are known 
to have taken place within the historical era, is divided 
into two parts. In the first an account is given of 
the observed effects of aqueous causes, such as rivers, 
springs, tides, and currents (Book II. Chaps. I. to 
VIII.) ; in the second the effects and probable causes of 
the volcano and earthquake, and all subterranean move- 
ments, are considered (Book II. Chaps. IX. to XIX.). 

The treatise on the changes of the organic world 
is also divisible into two parts; the first of which com- 
prehends all questions relating to the variability of 
species, and the limits assigned to their duration 
(Chaps. I. to XI.). The second explains the pro- 
cesses by which the remains of animals and plants 
existing at any particular period may be preserved^ or 
become fossil (Chaps. XII. to XVIL). 



Under the first of these divisions, the author defines 
the term species, and combats the notion that one 
species may be gradually converted into another by 
insensible modi&cations in the course of Qges (Chaps. 
I. 11. in. and IV.). He also enters into a full examin- 
ation of the evidence regarded by him as conclusive 
in favour of the limited durability of species. In 
proofoftliigjie argues thatthe geographical distribution 
of species being partial, the changes constantly going 
on in the animate and inanimate world must constantly 
tend to their extinction (Chaps. V. to X,). Whether 
new species are substituted for those which die out, 
is a topic on which no decided opinion is offered ; but 
it is contended that if new species had been introduced 
from time to time as often as others have been lost, 
we should have no reason to expect to be able to 
establish the fact during the limited period of our 
observation (Chap. XI.). 

In the second branch of this treatise, the various 
circumstances under which aquatic and terrestrial 
plants and animals, as also man and the works of 
his hands, become fossil, are examined (Chaps. XIII. 
to XVII.). 

The fourth boolc is occupied with the description 
of geological monuments strictly so culled, the form- 
ations termed tertiary being first more fully examined 
and classified, the secondary and primary rocks being 
afterwards more briefly alluded to. In the course of 
this description, it appears that the rocks which com- 
pose the crust of the earth have resulted in part 
from igneous and partly from aqueous causes ; others 
from the combined influence of these agents, the 
igneous having operated both upon and far beneath 
the surface. The bearing of the various phenomena 
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considered in the second book on the interpretation 
of such monuments cannot fail to be seen. 

It is, moreover, shown, that the fossil remains of 
plants and animals are plentifully included in aqueous 
rocks of different ages, and that these belong for the 
most part to species which no longer exist on the 
earth. It is principally by the aid of such fossils, 
that the chronological arrangement of rocks is deter- 
mined ; and a careful comparison of the numerous 
organic remains of the tertiary formations affords some 
indication of a gradual introduction of the species 
now living, and a successive extinction of species 
which previously existed. It is at least clear that 
during the tertiary epoch entire assemblages of spe- 
cies were not simultaneously swept away from large 
regions, and others perfectly distinct created in their 
place. The intimate connection of these phenomena 
with the subjects investigated in the third book, is 
sufficiently obvious. 
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CHAPTER I. 



Otology deSned — Compared to History — Its relation lo otber 
Physical Sciences — Not to be confounded with Cosmogony. 

Geology is the Gcience which investigates the suc- 
cessive changes that have taken place in the organic 
and inor^nic kingdoms of nature: it inquires into the 
causes of these changes, and the influence which they 
have exerted in modifying the surface and external 
structure of our planet. 

By these researches into the state of the earth and 
its inhabitants at former periods, we acquire a more 
perfect knowledge of its present condition, and more 
comprehensive views concerning the laws now govern- 
ing its animate and inanimate productions. When we 
study history, we obtain a more profound insight into 
human nature, by instituting a comparison between the 
present and former states of society. We trace the 
long series of events which have gradually led to the 
actual posture of affairs ; and by connecting effects with 
their causes, we are enabled to classify and 
the memory a multitude of complicated relations — the 
various peculiarities of national character— the dif- 
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ferent degrees of moral and intellectual refinement, 
and numerous other circumstances, which, without 
historical associations, would be uninteresting or im- 
perfectly understood. As the present condition of na- 
tions is the result of many antecedent changes, some 
extremely remote and others recent, some gradual, 
others sudden and violent, so the state of the natural 
world is the result of a long succession of events ; and 
if we would enlarge our experience of the present 
economy of nature, we must investigate the effects of 
her operations in former epochs. 

We oflen discover with surprise, on looking back 
into the chr(mides of nations, how the fortune of 
some battle has infiuenced the fate of millions of our 
contemporaries, when it has long been forgotten by . 
the masis of the population. With this remote event 
we mtiy find inseparably connected the geographical 
boundaries of a great stiate, the language now spoken 
by the inhabitants, their peculiar manners, laws, and 
)religiou8 opinions. But far more astonishing and un-^ 
expected are the connections brought to light, when 
we xMry back our researches into the history of nature. 
The form of a coast, the configuration of the interior 
of a country, the existence and extent of lakes, valleys, 
and mountains, can often be traced to the former pre- 
vdence of earthquakeis and volcanos in regions which 
have long been undisturbed. To these remote con* 
▼ulsions the present fertility of some districts, the 
stetile character of others the elevation of land above 
dite sea, tiie climate, and various peculiarities, may be 
distinctly telf&tted* On the other hand, many distin-* 
guishing featutes of the i^niflKre may often be ascribed 
t6 the operation at t remote "era of slow and tranquil 
l^tlseb'^-ta the gmdaal deposition of sedisreat in m 
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lake or in the ocean, or to the prolific increase of 
testa cea and corals. 

To select another example, we find in certain 
localities subterranean deposits of coal, consisting of 
vegetable matter, ibrmerly drifted into seas and lakes. 
These seas and lakes have since been filled up, the 
lands whereon the forests grew have disappeared or 
changed their form, the rivers and currents which 
floated the vegetable masses can no longer be traced, 
and the plants belonged to species which for ages have 
passed away from the surface of our planet. Yet the 
commercial prosperity, and numerical strength of a 
nation, may now be mainly dependent on the local 
distribution of fuel determined by that ancient state of 
things. 

Geology is intimately related to almost all the 
physical gciences, as history is to the moral. An 
historian should, if possible, be at once profoundly 
acquainted with ethics, politics, jurisprudence, the 
military art, theology ; in a word, with all branches of 
knowledge, by which any insight into human aifairs, or 
into the moral and intellectual nature of man, can be 
obtained. It would be no less desirable that a geolo- 
gist should be well versed in chemistry, natural phi- 
losophy, mineralogy, zoology, comparative anatomy, 
botany; in short, in every science' relating to organic 
and inorganic nature. With these accomplishments, 
the historian and geologist would rarely fail to draw 
correct and philosophical conclusions from the varioui 
monuments transmitted to them of former occurrences. 
They would know to what combination of causes ana- 
logous effects were referrible, and they would ot):en 
be enabled to supply, by inference, information con- 
ing many events unrecorded in the defective 
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archives of former ages. But as such extensive • ac-» 
quisitions are scarcely within the reach of iny indi« 
vidua), it is necessary that men who have devoted 
their lives to difierent departments should unite their 
efforts; and as the historian receives assistance from the 
antiquary, and from those who have cultivated different 
branches of moral and political science, so the geologist 
should avail himself of the aid of many naturalists^ and 
particularly of those who have studied the fossil remains 
of lost species of animals and plants. 

The analogy, however, of the monuments consulted 
in geology, and those available in history, extends no 
farther than to one class of historical monuments^ — 
those which may be said to be undesignedly com« 
memorative of former events. The canoes, for ex- 
ample, and stone hatchets found in our peat bogs 
afford an insight into the rude arts and manners of the 
earliest inhabitants of our island : the buried coin fixes 
the date of the reign of some Roman emperor ; the 
ancient encampment indicates the districts once occu- 
pied by invading armies, and the former method of 
constructing military defences: the Egyptian mummies 
throw light on the art of embalming, the rites of 
sepulture, or the average stature of the human race in 
ancient Egypt. This class of memorials yields to no 
other in authenticity, but it constitutes a small part 
only of the resources on which the historian relies, 
whereas in geology it forms the only kind of evidence 
which is at our command. For this reason we must 
not expect to obtain a full and connected account of 
any series of events beyond the reach of history. But 
the testimony of geological monuments, if firequentfy 
imperfect, possesses at least the advantage of being 
free from all suspicion of misrepresentation. We maj 



risu 



GEOLOOV DISTINCT FROM COSMOGONY. 



be deceived in the inferences which we draw, in the 
same manner as we oflen mistake the nature and 
import of phenomena observed in the daily course of 
nature, but our liability to err is confined to the inter- 
pretation, and, if this be correct, our information is 
certain. 

It was long before the distinct nature and legitimate 
objects of geology were fully recognized, and it was at 
first confovinded with many other branches of inquiry, 
just as the limits of history, poetry, and mythology 
were ill-defined in the infancy of civilization. Even in 
Werner's time, geology appears to have been regarded 
as little other than a subordinate department of miner- 
alogy ; and Desmarest included it under the head of 
Physical Geography. But the most common and serious 
source of confusion arose from the notion that it was 
the business of geology to discover the mode in which 
the present system of things originated, or, as some 
imagined, to study the effects of those cosmological 
causes which were employed by the Author of Nature 
to bring this planet out of a nascent and chaotic state 
into a more perfect and habitable coitdition. Hutton 
was the first who endeavoured to draw a strong line of 
demarcation between his favourite science and cosmo- 
gony, for he declared that geology was in nowise con- 
cerned " with questions as to the origin of things." 

An attempt will be made in the sequel of this work 
to demonstrate that geology differs as widely from 
cosmogony, as speculations concerning the mode of 
the first creation of man differ from history. But, 
before entering more at large on this controverted 
question, it will be desirable to trace the progress of 
opinion on this topic, from the earliest ages to the 1 

1 ^—fipOii'oc'i'^mcnt of the present century. 1 



CHAPTER 11. 

HISTORICAL SKETCH OF THE PROGRESS OF OEOLOOT. 

Oriental Cotanogony-^ Doctrine of the successive destnictioa 
and renovation of the world — Origin of this doctrine — 
Common to the Egyptians (p, 12.) — Adopted by the Greeks 
'~- System of Pythagoras — of Aristotle (p. 19.) — Dogmas 
concerning the extinction and reproduction of genera and species 
^Strabo's theory of elevation by earthquakes (p. 23.) -— Pliny 
— Concluding Remarks on the knowledge of the Ancients. 

• Oriental Cosmogom/,^^ Th^ earliest doctrines of the 
Indian and Egyptian schools of philosophy agreed in 
ascribing the first creation of the world to an omni- 
potent and infinite Being, They concurred also in 
representing this Being, who had existed firom all 
eternity, as having repeatedly destroyed and repro- 
duced the world and all its inhabitants. In the 
^< Institutes of Menu/' the sacred volume of the Hin- 
'doos, to which, in its present form, Sir William Jones 
ascribes an antiquity of at least eight hundred and 
eighty years before Christ, we find this system of the 
alternate destruction and renovation of the world, 
proposed in the following remarkable verses : — 

<< The Being, whose powers are incomprehensible^ 
having created me (Menu) and this universe^ again 
became absorbed in the supreme spirit, changing the 
time of energy for the hour of repose. 

'< When that power awakes, then has this world its 
full expansion ; but when he slumbers with a tranquil 
spirit, then the whole system fades away* • • • » For 
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while he reposes as it were, embodied spirits endowed 
with principles of action depart from their several 
acts, and the mind itself becomes inert." 

Menu then describes the absorption of all beings 
into the Supreme essence, and the Divine soul itself 
is said to slumber, and to remain for a time immersed 
in " the first idea, or in darkness." He tlien proceeds 
(verse fifty-seven), " Thus tliat immutable power, by 
waking and reposing alternately, revivifies and de- 
stroys, in eternal succession, this whole assemblage of 
loconiotive and immoveable creatures." 

It is then declared that there has been a long 
succession of maxwanlaras, or periods, each of the 
duration of many thousand ages, and — 

" There are creations also, and destructions of worlds 
innumerable : the Being, supremely exalted, performs 
all this with as mucli ease as if in sport, again and 
again, for the sake of conferring happiness." ■ 

Tlie compilation of the ordinances of Menil was not 
all the work of one author nor of one period, and to 
this cLrcumstance some of the remarkable inequalities 
of style and matter are probably attributable. There 
arc many passages, however, wherein the attributes 
and acts of the " Infinite and Incomprehensible Being" 
are spoken of with much grandeur of conception and 
sublimity of diction, as somo of the passages above 
cited, though sufficiently mysterious, may serve to 
exemplify. There are at the same time such puerile 
conceits and monstrous absurdities in this cosmogony. 
that some niay be disposed to impute to mere accident 
any slight approximation to truth, or apparent coin- 

• Ii;sI>tutesof llindcKiLiiw, or the Ordinances ufMenfl, from 
the Sanscrit, tmuUted by Sir Williani Jonea, 1T9S. 
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cidence between the oriental dogmas and observed 
fiicts. This pretended revelation, however, was not 
purely an effort of the unassisted imagination, nor in- 
vented without regard to the opinions and observations 
of naturalists. There are introduced into it certain 
astronomical theories, evidently derived from observ- 
ation and reasoning. Thus, for instance, it is declared 
that, at the North Pole, the year was divided into a 
long day and night, and that their long day was the 
northern, and their night the southern course of the 
sun; and to the inhabitants of the moon, it is said, one 
day is equal in length to one month of mortals.* If 
such statements cannot be resolved into mere conjec- 
tures, we have no right to refer to mere chance the 
prevailing notion, that the earth and its inhabitants 
had formerly undergone a succession of revolutions 
and catastrophes interrupted by long intervals of tran- 
quiUity. 

Now there are two sources in which such a theory 
may have originated. The marks of former convul- 
sions on every part of the surface of our planet are 
obvious and striking. The remains of marine animals 
imbedded in the solid strata are so abundant, that they 
may be expected to force themselves on the observ- 
ation of every people who have made some progress in 
refinement; and especially where one class of men 
are expressly set apart from the rest for study and 
contemplation. If these appearances are once recog- 
nized, it seems natural that the mind should conclude 
in favour, not only of mighty changes in past ages, 
but of alternate periods of repose and disorder;-^ 
of repose, when the fossil animals lived, grew, and 

* Menik, Inst. c. i. 66. and 67. 



multiplied — of disorder, when the strata in which they 
were buried became transferred from the sea to the 
interior of continents, and were uplifted so as to form 
part of high mountain chains. Those modern writers, 
who are disposed to disparage the former intellectua 
advancement and civilization of eastern nations, may 
concede some foundation of observed facts for the 
curious theories now under consideration, without in- 
dulging in exaggerated opinions of the progress of 
science ; especially as universal catastrophes of the 
world, and exterminations of organic beings, in the 
sense in which they were understood by the firahmio, 
are untenable doctrines. 

We know, that the Egyptian priests were aware, 
not only that the soil beneath the plains of the Nile, 
but that also the tiills bounding the great valley, con- 
tained marine shells*; and it could hardly have escaped 
the observation of eastern philosophers, that some 
soils were filled with fossil remains, since so many 
national works requiring extensive excavations were 
executed by oriental monarchs in very remote eras. 
They formed canals and tanks on a magnificent scale, 
and we know that in more recent times (the four- 
teenth century of our era) the removal of soil ne- 
cessary for such undertakings brought to light geo- 
logical phenomena, which attracted the attention of 
a people less civilized than were many of the older 
nations of the East, f 

• Herodot. Eulerpe, 13- 

t This circumstance is mentioned in a Ppraion MS. copy of 
the liiUoiian Ferisbta, in tlie Vihtivj of lliG Eaac India Company, 
lelaiing lo (lie rise and progree^ of Che MahomeiJan empire in 
India, pracurvd liy Colonel BriggH froin the library of Tippoo 
SulMn in 1799 ; and lias been recently referred to at Hnne length 
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cidence between the oriental dogmas and observed 
fiicts. This pretended revelation, however, was not 
purely an effort of the unassisted imagination, nor in- 
vented without regard to the opinions and observations 
of naturalists. There are introduced into it certain 
astronomical theories, evidently derived from observ- 
ation and reasoning. Thus, for instance, it is declared 
that, at the North Pole, the year was divided into a 
long day and night, and that their long day was the 
northern, and their night the southern course of the 
sun; and to the inhabitants of the moon, it is said, one 
day is equal in length to one month of mortals.* If 
such statements cannot be resolved into mere conjec- 
tures, we have no right to refer to mere chance the 
prevailing notion, that the earth and its inhabitants 
had formerly undergone a succession of revolutions 
and catastrophes interrupted by long intervals of tran- 
quillity. 

Now there are two sources in which such a theory 
may have originated. The marks of former convul- 
sions on every part of the surface of our planet are 
obvious and striking. The remains of marine animals 
imbedded in the solid strata are so abundant, that they 
may be expected to force themselves on the observ- 
ation of every people who have made some progress in 
refinement; and especially where one class of men 
are expressly set apart from the rest for study and 
contemplation. If these appearances are once recog- 
nized, it seems natural that the mind should conclude 
in favour, not only of mighty changes in past ages, 
but of alternate periods of repose and disorder;-^ 
of repose, when the fossil animals lived, grew, and 

* Menik, Inst c. i. 66. and 67. 



COSUOGOKY. y 

multiplied — of disorder, when the strata in which they 
were buried became transferred from the sea to the 
interior of continents, and were uplifted so as to form 
part of high mountain chains. Those modern writers, 
who are disposed to disparage the former intellectua 
advancement and civilization of eastern nations, may 
concede some foundation of observed facts for the 
curious theories oow under consideration, without in- 
dulging in exaggerated opinions of the progress oi' 
science ; especially as universal catastrophes of the 
world, and ex term i nations of organic beings, in the 
sense in which thoy were understood by the Brahmin, 
are untenable doctrines. 

We know, that the Egyptian priests were aware, 
not only that the soil beneath the plains of the Nile, 
but that also the hills bounding the great valley, con- 
tained marine shells*; and it could hardly have escaped 
the observation of eastern philosophers, that some 
soils were filled with fossil remains, since so many 
national works requiring extensive excavations were 
executed by oriental monarchs in very remote eras. 
They formed canals and tanks on a magnificent scale, 
and we know that in more recent times (the four- 
teenth century of our era) the removal of soil ne- 
cessary for such undertakings brought to light geo- 
logical phenomena, which attracted the attention of 
a people less civilized than were many of the older 
nations of the East.f 

" Hprodot. Euwrpe, 13. 

"t* TbU drcumslnncc is mentioned in a Persian MS. copy of 
the biiloriaii Ferhlila, in iJiu library ofllie EaM India Company, 
relating lo the rise and progress of ihe Mahomedan empire in 
India, procured by Colonel Briggs Trnm the librsry of Tippoo 
Sultan ia 1799 ; and hiu been recently referrEd to at siniie len)^ 
B 5 
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, But although the Brahming, like the priests of 
£gypt, may have been acquainted with the existence 
of fossil remains in the strata, it is possible that the 
doctrine of successive destructions and renovations of 
the world merely received corroboration from such 
proofs ; and that it may have been originally handed 
down, like the religious traditions of most nations, 
from a ruder state of society. The system may 
have had its source in exaggerated accounts of thoae 
partial, but often dreadful, catastrophes, which are 
sometimes occasioned by particular combinations of 
natural causes. Floods and volcanic eruptions, the 
agency of water and fire, are the chief instruments of 
devastation on our globe. We shall point out in the 
sequel the extent of many of these calamities, re-r 
curring at distant intervals of time, in the present 
jcourse of nature ; and shall only observe here,' that 
they are so peculiarly calculated to inspire a lasting 
terror, and are so oflen fatal in their consequences to 
great multitudes of people, that it scarcely requires 
the passion for the marvellous, so characteristic of 
rude and half-civilized nations, still less the exuberant 
imagination of eastern writers, to augment them into 
general cataclysms and conflagrations. 

Humboldt relates the interesting fact, that after 
the annihilation of a large part of the inhabitants of 

by Dr. Buckland. — (Geol. Trans. 2d Series, voL ii. part iii, 
p. 389.) — It is stated that, in the year 762 (or 1360 of our era), 
the king employed fifty thousand labourers in cutting through a 
;aiound, so as to form a junction between the rivers Selima and 
Sutluj ; and in this mound were found the bones of elephants and 
men, some of them petrified, and some of them resembling bone. 
The gigantic dimensions attributed to the human bones shpw them 
,tQ have l^eloBged to some of the largerpacbydermata. 
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Cumana, by an earthquake in 1766, a season of ex- 
traordinary fertility ensued, in conEe(]uence of the 
great rains which accompanied the subterranean con- 
vulsions. " The Indians," he says, " celebrated, after 
the ideas of an antique superstition, by festivals and 
dancing, the destruction of the world and the ap- 
proaching epoch of its regeneration," • 

The existence of such rites among the rude nations 
of South America is most important, for it shows what 
effects may be produced by great catastrophes of this 
nature, recurring at distant intervals of time, on the 
minds of a barbarous and uncultivated race. The 
superstitions of a savage tribe are transmitted through 
all the progressive stages of society, till they exert a 
powerful influence on the mind of the philosopher. 
He may find, in the monuments of former changes on 
the earth's sur&ce, an apparent conHrmation of tenets 
banded down through successive generations, from tlie 
rude hunter, whose terrified imagination drew a false 
picture of those awful visitations of floods and earth- 
quakes, whereby the whole earth as known to him was 
simultaneously devastated. 

Egifptian Cosmogony. — Respecting the cosmogony 
of the Egyptian priests, we gather much information 
from writers of the Grecian sects, who borrowed 
almost all their tenets from Egypt, and amongst others 
ttiat of the former Bucccssive destruction and reno- 
vation of the world.f We learn from Plutarch, that 
this was the tlieme of one of the hymns of Orpheus, 
so celebrated in tlie fabulous ages of Greece. It was 
brought by him from the banks of the Nile ; and we 
even find in his verses, as in the Indian systems, a 

• Humboldt Kt Bonpland, Voy. Relat. Hist, vol. i. p. 30. 
+ Priehard's Egypt. MythoL p. 177. 
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definite period assigned for the duration of each sue-' 
eessive world.* The returns of great catastrophes 
were determined by the period of the Annus Magnus, 
or great year, — a cycle composed of the revolutions 
of the sun, moon, and planets, and terminating when 
these return together to the same sign whence they 
were supposed at some remote epoch to have set out. 
The duration of this great cycle was variously esti- 
mated. According to Orpheus, it was 120,000 years ; 
according to others, 300,000 ; and by Cassander it was 
taken to be 360,000 years.f 

We learn particularly from the Timaeus of Plato, 
that the Egyptians believed the world to be subject to 
occasional conflagrations and deluges, whereby the 
gods arrested the career of human wickedness, and 
purified the earth from guilt. Afler.each regeneration, 
mankind were in a state of virtue and happiness, from 
which they gradually degenerated again into vice and 
immorality. From this Egyptian doctrine, the poets 
derived the fable of the decline from the golden to the 
iron age. The sect of Stoics adopted most fully the 
system of catastrophes destined at certain intervals to 
destroy the world. These they taught were of two 
kinds ; — the Cataclysm, or destruction by deluge, 
which sweeps away the whole human race, and anni- 
hilates all the animal and vegetable productions of na- 
ture ; and the Ecpjrrosis, or conflagration, which dis- 
solves the globe itself. From the Egyptians also they 
derived the doctrine of the gradual debasement of man 
from a state of innocence. Towards the termination of 
each era the gods could no longer bear with the wicked- 

* Plut. de Defectu Oraculorum, cap. 12. Censorious de Die 
Natali. See also Prichard's Egypt. Mjtfaol. p. 182. 
t Prichard's Egypt MytlaoL p. 182. 
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nese of men, and a ehock of the elements or a deluge 
overwhelmed them ; after which calamity, Astrea again 
descended on the earth, to renew the golden age.* 

The connection between the doctrine of succeasive 
catastrophes and repeated deteriorations in the moral 
character of the human race, is more intimate and na- 
tural than might at first be imagined. For, in a rude 
state of society, all great calamities are regarded by 
the people as judgments of God on the wickedness of 
man. Tlius, in our own time, the priests persuaded a 
large part of the population of Chili, and perhaps be- 
lieved themselves, that the fatal earthquake of 1822 
was a sign of the wrath of Heaven for tiie great poli- 
tical revolution just then consummated in South 
America, In like manner, in the account given to 
Solon by the Egyptian priests, of the submersion of the 
island of Atlantis under the waters of the ocean, after 
repeated shocks of an earthquake, we find that the 
event happened when Jupiter had seen the moral de- 
pravity of the inhabitants.f Now, when the notion 
had once gained ground, whether from causes before 
suggested or not, that the earth had been destroyed by 
several general catastrophes, it would next be inferred 
that the human race had been as often destroyed and 
renovated. And since every extermination was as- 
sumed to be penal, it could only be reconciled with 
divine justice, by the supposition that man, at each 
successive creation, was regenerated in a state of purity 
and innocence. 

A very large portion of Asia, inhabited by the ear- 
liest nations whose traditions have come down to us, 
has been always subject to tremendous earthquakes. 
Of the geographical boundaries of these, and their 
Pncbard'B Egjpt. Mytliol. p. 193. f Platti'B Timsaa. 
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^eqts, I shall speak in the proper place. Egypt has, 
for the most part, been exempt from this scourge, and 
the tradition of catastrophes in that country was per«- 
haps derived from the Ea^t. 

One extraordinary fiction of the Egyptian mythology 
was the supposed intervention of a masculo-feminine 
principle, to which was assigned the development of 
the embryo world, somewhat in the way of incubation. 
For the doctrine was, that when the first chaotic mass 
had been produced, in the form of an eggy by a self- 
dependent and eternal Being, it required the mysterious 
functions of this masculo-feminine artificer to reduce 
the component elements into organized forms. 

Although it is scarcely possible to recall to mind 
this conceit without smiling, it does not seem to differ 
essentially in principle from some cosmological notions 
of men of great genius and science in modern Europe. 
The Egyptian philosophers ventured on the perilous 
task of seeking from among the processes now going 
on something analogous to the mode of operation em- 
ployed by the Author of Nature in the first creation of 
organized beings, and they compared it to that which 
governs the birth of new individuals by generation. 
To suppose that some general rules might be observed 
in the first origin of created beings, or the first intro- 
duction of new species into our system, was not absurd, 
nor inconsistent with any thing known to us in the 
economy of the universe. But the hypothesis, that 
there was any analogy between such laws, and those 
employed in the continual reproduction of species, was 
pij^rely gratuitous. In like manner, it is not unreason- 
aUe* npr derogatory to the attributes of Omnipotence, 
%Q imagine that some general laws may be observed 
in the creation jof new worlds ; and if man could wit- 
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Bess the birth of such worlds, he might reason by in- 
duction upon the origin of his own. But In the ab- 
sence of such data, an attempt has been made to fancy 
some analogy between the agents now employed to 
destroy, renovate, and perpetually vary the earth's sur- 
face, and those whereby, the first chaotic mass was 
formed, and brought by supposed nascent energy from 
the embryo to the habitable state. 

By how many shades the elaborate systems, con- 
structed on these principles, may differ from the oiys- 
leries of the " Mundane Egg " of Egyptian fable, I 
shall not inquire. It would, perhaps, be dangerous 
ground, and some of our contemporaries might not sit 
as patiently as the Athenian audience, when the fiction 
of the chaotic egg, engrafted by Orpheus upon their 
own mytholt^y, was turned into ridicule by Aristo- 
phanes. That comedian introduced his birds singing, 
in a solemn hymn, '■ How sahle-plumaged Night con- 
ceived in the boundless bosom of Erebus, and laid an 
egg, from which, in the revolution of ages, sprung 
Love, resplendent with golden pinions. Love fecun- 
dated the dark-winged chaos, and gave origin to the 
race of birds." • 

Pi/tltagorean Do^rines. — Pytliagoras, who resided 
for more than twenty years in Egypt, and, according 
to Cicero, had visited the East, and conversed with 
the Persian philosophers, introduced into his own 
country, on his return, the doctrine of the gradual de- 
terioration of the human race from an original state 
of virtue and happiness : but if we are to judge of his 
theory concerning the destruction and renovation of 
the earth from the sketch given by Ovid, we must 
concede it to have been far more philosophical than 
* AriMophaneg, Birds, 694, 
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any known version of the cosmologies of oriental or 
Egyptian sects. 

Although Pythagoras is introduced by the poet as 
delivering his doctrine in person, some of the illustra- 
tions are derived from natural events which happened 
after the death of the philosopher. But notwithstand- 
ing these anachronisms, we may regard the account as 
a true picture of the tenets of the Pythagorean school 
in the Augustan age ; and although perhaps partially 
modified, it must have contained the substance oi the 
original scheme. Thus considered, it is extremely 
curious and instructive ; for we here find a compre- 
hensive and masterly summary of almost all the great 
causes of change now in activity on the globe, and 
these adduced in confirmation of a principle of per- 
petual and gradual revolution inherent in the nature of 
our terrestrial system. These doctrines, it is true, are 
not directly applied to the explanation of geological 
phenomena ; or, in other words, no attempt is made to 
estimate what may have been in past ages, or what 
may hereafter be, the aggregate amount of change 
brought about by such never-ending fluctuations. 
Had this been the case, we might have been called 
upon to admire so extraordinary an anticipation with 
no less interest than astronomers, when they endeavour 
to divine by what means the Samian philosopher came 
to the knowledge of the Copernican system. 

Let us now examine the celebrated passages to 
which we have been adverting* : — 

'* Nothing perishes in this world ; but things merely 
vary and change their form. To be bom, means simply 
that a thing begins to be something different from what 

* Ovid*s Metamor, lib. 15. 
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it was before : and dying, is ceasing to be the same 
thing. Yet, although nothing retains long the same 
image, the sum of the whole remains constant." These 
general propositions are then confirmed by a series of 
ejtamples, all derived from natural appearances, except 
the first, which refers to the golden age giving place 
to the age of iron. The illustrations are thus conse- 
cutively adduced. 

1 . Solid land has been converted into sea. 

2. Sea has been changed into land. Marine shells 
lie far distant from the deep, and the anchor has been 
found on the summit of hills. 

3. Valleys have been excavated by running water, 
and floods have washed down hills into the sea.* 

i. Marshes have become dry ground. 

5. Dry lands have been changed into stagnant pools, 

6. During earthquakes some springs have been 
closed up, and new ones have broken out. Rivers 
have deserted their channels, and have been re-born 
elsewhere ; as the Eraainus in Greece, and Mysus in 
Asia. 

7. The waters of some rivers, formerly sweet, have 
become bitter, as those of the Anigris in Greece, &c.+ 

8. Islands have become connected with the main 
land, by the growth of deltas and new deposits, as in the 
case of Antissa joined to Lesbos, Pliaros to Egypt, &c. 

9. Peninsulas have been divided from the main land, 
and have become islands, as Leucodia ; and according 



of this IbsI verse is somevlist obscure, but, uken wiih tht context, [ 
may be supposed to allude to the abrading power of floods, lor- 

f The impregnation from new mineral springs, caused b; | 

^^^/fliiqaiikn in Yolcsnic CDunlrics, is, perhaps, here alluded to. J 
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to tradition Si^ily^ tb^ i^^a hfiving carried ^way %h(^ 
isthmus. 

10. Land hajB he^o subm^ged by earthqu^es : tb^ 
Grecian cities of H^lic^ and Buris, for example, ar^ to 
be se^n nndcr the ^ea, with their w^ls inclined. 

11. Plains have been upheaved into hills by tb^ 
confined air seeking vent, ^s at Troezen in the P?1ot 
ponnesus. 

12. The temperature of some springs varies at 
different periods. The watery of (xth^rs are ipflam- 
maWe.* 

13. There are streams which have a petrifying 
power, and ponvert the substances which they touch 
into marble, 

14^ Extraordinary medicinal and deleterious effects 
are produced by th^ water of different lakes and 
springs.-!- 

15. Some rpcks and islands, after floating, and having 
bpcn subject to violent movements, have at length 
become stationary and immoveable, as Delos, and th^ 
Cyanean Isle8.j: 

* This is probably an allusion to the escape of inflammable gas^ 
like that in the di^ct of Baku, west of the Caspian ; at Pietnk^ 
mala, in the Tuscan Apennines ; and several other places. 

i* Many of those described seem fanciful fictions, like tli# 
virtues still so commpnly attributed to mineral waters. 

I Raspe, in a learned and judicious ess^y (De Novis Insulis, 
cap. 19.), has made it appe^ extremely probable that all th^ 
traditions of certain islands in the Mediterranean having at some 
former time frequently shifted their positions, and at^ength become 
Stationary, originated in the great change produced in their form 
by earthquakes and submarine eruptions, of which there have 
been modem examples in the new islands raised in the time of 
history. When the series of ponvulsions eiided, the island was 
said to become fixed. 
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16. Volcanic vents shift tlieif position ; there was a 
time when Etna was not a burning mountain, and the 
time will come when it will cease to biiru. Whether 
it be that some caverns become closed up by the movc- 
meota of tlie earth, and others opened, or whether the 
Aiel is finally exhausted) &c. &c. 

The various causes of change in the inanimate 
world having been thus enumerated, the doctrine of 
equivocal generation is next propounded, as illus> 
trating a corresponding perpetual flux in the animate 
creation.* 

In the Egyptian and Eastern cosmogonies, and in 
the Greek vertion of them, no very definite meaning 
CSD, in general, be attached to the term " destruction 
of the world i" for sometimes it would seem almost to 
imply the annihilation of our planetary system, and at 
others a mere revolution of the surface of the earth. 

Opinions of Aristotle. — From the works now extant 
of Aristotle, and from the system of Fythagoras, as 
above exposed, we might certainly infer that these 

* It is not incoDsUlent with the Uindoa mj'tholagy to suppose 
Ihat Pythagoras might iisie found in (he East not only the system 
ofunivtrsal and violent catastrophes and periods of repose in end. 
less succession, but alu> that of periodical reiolutions, eS^ted by 
the continued agency of ordinary Hiuses, For BrahmK, Vishnu, 
and Siva, the first, nexonA, and ibird pursons of tlie Hindoo triad, 
severally represented the Creative, Ilie Preserving, and ihe De- 
stroying powers of the Deity. The eo-eiistence of these three 
attributes, all in simultaneous operatioD, might well accord with 
the notion of perpetual but partifj alleratioQS finally bringing 
abotii a complete change. But the fiction eipressed in the verees 
before quoted from Menfl, of eternal vidssitudcs in the vigils and 
slumbers of the Infinils Brang, Be«ns accommodated to ihc sys- 
tem of great general catastrophes followed by new en 
of repose. 
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{philosophers considered tlie agents of cfaaoge noir 
operating in nature* as capable of bringing about in 
the lapse of ages a complete revolution; and the 
Stagyrite even considers occasional catastrophes* hap* 
pening at distant intervals of time, as part of the 
regular and ordinary course of nature. The deluge 
of Deucalion, he says, affected Greece only, and prin- 
cipally the part called Hellas, and it arose from great 
inundations of rivers during a rainy winter. But sudi 
extraordinary winters, he says, though after a certain 
period they return, do not always revisit the same 
places.* 

Censorinus quotes it as Aristotle's opinion, thai 
there were general inundations of the globe, and that 
they alternated with conflagrations, and that the flood 
constituted the winter of the great year, or astro* 
nomical cycle, while the conflagration, or destructicm 
by fire, is the summer or period of greatest heat**!- 
If this passage, as Lipsius supposes, be an amplifi- 
cation, by Censorinus, of what is written in << the 
Meteorics," it is a gross misrepresentation of the 
doctrine of the Stagyrite, for the general bearing of 
his reasoning in that treatise tends clearly in an oppo- 
site direction. He refers to many examples of changes 
now constantly going on, and insists emphatically on 
the great results which they must produce in the 
lapse of ages. He instances particular cases of lakes 
that had dried up, and deserts that had at length 
become watered by rivers and fertilized. He points 
to the growth of the Nilotic delta since the time of 
Homer, to the shallowing of the Palus Mseotis within 
sixty years from his own time ; and although, in the 
same chapter, he says nothing of earthquakes, yet in 

* Meteor, lib. L cap, 12. f ^ Die Nat 
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Others of the same treatise, he shows himself not 
unacquainted with their effecta.* He alluiies, for 
example, to the upheaving of one of the Eolisn islands 
previous to a volcanic eruption. " The changes of the 
earth," he says, " are so alow in comparison to the dur- 
ation of our lives, that they are overlooked (X«v9«»f i) ; 
and the migrations of people after great catastrophes, 
and their removal to other regions, cause the event 
to be forgotten."f 

When we consider the acquaintance displayed by 
Aristotle, in his various works, with the destroying and 
renovating powers of Nature, the introductory and 
concluding passages of the twelfth chapter of his 
" Meteories" are certainly very remarkable. In the 
first sentence he says, " The distribution of land and 
aea in particular regions docs not endure throughout 
all time, but it becomes sea in those parts where it was 
land, and again it becomes land where it was sea; and 
there is reason for thinking that these changes take 
place according to a certain system, and within a certain 
period." Tlie concluding observation is as follows : 
— " As time never fails, and the universe is eternal, 
neither the Tanais, nor the Nile, can have flowed for 
ever. The places where they rise were once dry, 
and there is a limit to their operations, but there is 
none to time. So also of all other rivers ; they spring 
up, and they perish ; and the sea also continually 
deserts some lands and invades others. The same 
tracts, therefore, of the earth are not, some always 
sea, and others always continents, but every thing 
changes in the course of time." 

It seems, then, that the Greeks had not only derived 

* Ijj:>i U. .CBg. 1^ 15, uid 16. t IN<)>. 
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ihrni pte&editig nations, but had also, in some slight 
degree, deduced from their o^n observation^, th^ 
theory of periodic^ revolutions in the inorganic world: 
there is, howevet, no ground for imagining thM 
they contemplated former changes in the races of 
animals and plants. Even the fact, that marine re- 
mains were inclosed in solid rocks, although observed 
by some, and even made the groundwork of geologicid 
speculation, never stimulated the industry or guided 
the inquiries of naturalists. It is not impossible that 
the theory of equivocal generation might have en- 
gendered some indifference on this subject, and that a 
belief in the spontaneous production of living beidgn 
:from the earth, or corrupt matter, might have caasefd 
the organic world to appear so unstable and fluctuatii^ 
that phenomena indicative of former changes would 
not awaken intense curiosity. The Egyptians, it is triie^ 
had taught, and the Stoics had repeated^ that iht 
earth had once given birth to some monstrous animals, 
which existed no longer; but the prevailing opinMm 
seems to have been, that after each great catastrophe 
the same species of animals were created over again. 
This tenet is implied in a passage of Seneca, where^ 
speaking of a future deluge, he says, << Every animal 
shall be generated anew, and man free from guilt 
shall be given to the earth."* 

An old Arabian version of the doctrine of the suc- 
cessive revolutions of the globe, translated by Abraham 
Ecchellensis f , seems to form a singular exception to 

* Omne ex integro animal generabitur, dabiturqfue tenis hddio 
insdus Bcelbrum. **^ Que»t. Nat iii. c. 20* 

i* This author was Regius Professor of Syriac and Arabic at 
Parisi where, in 1685, he published a Latin translation of many 
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the general rule, for here we find the idea of different 
genera and species having been created. The Ger-' 
banites, a sect of Bstronomers who fiourished some 
centuries before the Christian era, taught as follows : 
— « That after every period of thirty-sis thousand foiir 
hundred and twenty-five years, there were produced a 
pair of ee^ species of animal, both male and female, 
ft'om whom animals might be propagated and inhabit 
this lower world. But when a circulation of the 
heavenly orbs was completed, which is finished in that 
space of years, oliier genera and species of animals are 
propagated, as also of plants and other things, and the 
first order is destroyed, and so it goes on lor ever and 
ever." * 

Theory of Straho. — As we leam much of the tenets 
of the Egyptian and oriental Bchools in the writings of 

Arabian MSS, on different departmenla of philosophy. This 
work has always been considered of high authority. 

• Gerbanit» docebant singulos tripnta sei mille aonoa qua- 
dringentos, yiginti guinque bins ei singulis animaliuin speciebus 
pToduci, marem scilicet ac feminam, ei quibus animalia prupa- 
gantur, huncquc inferioTem incolunt orbem. Absoltta aulem 
Cfelustium orbiumcirculalione.ijiim illoonnorum conGcitur spatio, 
ilerum alia praducuntur animaHuiD genera et apecies, queniBd' 
modumet plantatum atiarumquererum, et primus destrui Cur ordo, 
sicque in inlinilum produciiur. — Histor. Orient Suppl. per 
Abrahamum Ecche lien sum, Syntm Maronitam, cap. 7. et 6. nd 
calcem Chronid Oriental. Parisiia, e Typ- 'egia. 1685. foL 

I have given the punctuation bb in the Paris edition, (here 
being no comma after quinque, but, at the suggestion of M. de 
Schlegel, I have referred the number twenly-fi»e to the period of 
years, and not lo the number of pairs of each species created at 
onetime, as I had done in fanner editions. Fortis infeired that 
twenty-five new specks only were created at a time ; h constniclion 
wliich the passage will not admit. Mem. sur I'Hist N»t. &e 
i, vol. i. p. aoa. 
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the Greeks, bo many speculations of the early Grreek 
authors are made known to us in the works of the Au- 
gustan and later ages. Strabo, in particular, entera 
largely, in the second book of his Geography, inti» the 
opinions of Eratosthenes and other Greeks on one of the 
most difficult problems in geology, viz. by what causes 
marine shells came to be plentifully buried in the earth 
at such great elevations and distances from the sea. 

He notices, amongst others, the explanation of 
Xanthus the Lydian, who said that the seas had once 
been more extensive, and that they had afterwards 
been partially dried up, as in his own time many lakes, 
rivers, and wells in Asia had failed during a season of 
drought. Treating this conjecture with merited dis- 
r^;ard, Strabo passes on to tlie hypothesis of Strato, the 
natural philosopher, who had observed that the quantity 
of mud brought down by rivers into the Euxine was so 
great, that its bed must be gradually raised, while the 
rivers still continue to pour in an undiminished quantity 
of water. He therefore conceived that, originally, 
when the Euxine was an inland sea, its level had by 
this meaps become so much elevated that it burst its 
barrier near Byzantium, and formed a communication 
with the Propontis ; and this partial drainage, he sup- 
posed, had already converted the left side into marshy 
ground, and thus, at last, the whole would be choked up 
with soil. So, it was argued, the Mediterranean had 
once opened a passage for itself by the Columns of 
Hercules into the Atlantic ; and perhaps the abundance 
of sea-shells in Africa, near the Temple of Jupiter 
Ammon, might also be the deposit of some former 
inland sea, which had at length forced a passage and 
escaped. 

But Strabo rejects this theory as insufficient to 
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count for all the phenomena, and he proposes one of 
his own, the profoundness of which modern geologist* 
are only beginning to appreciate. " It is not," he says, 
" because the lands covered by seas were originally at 
different altitudes, that the waters have risen, or sub- 
sided, or receded from some parts and inundated others. 
But the reason is, that the same land is sometimes 
raised up and sometimes depressed, and the sea also 
is simultaneously raised and depressed, so that it 
either overflows or returns into its own place again. 
We must therefore ascribe the cause to the ground, 
either to that ground which is under the sea, or to 
that which becomes flooded hy it, but rather to that 
which lies beneath the sea, for this is more moveahle, 
and, on account of its humidity, can he altered with 
greater celerity. " It it proper," he observes in 
continuation, " to derive our explanations from tlwiga 
which lire ohvioug, and in some measure of daily occur, 
rente, suck as deluges, eartliquakes, and volcanic enip- 
tions \, and mdden swellings of the laTul beneath the sea; 
for the last raise up the sea also, and when the same 
lands subside again, they occasion the sea to be let 
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down. And it is not merely the small, but the large 
islands also, and not merely the islands, but the con- 
tinents, which can be lifted up together with the sea ; 
and both large and small tracts may subside, for habi- 
tations and cities, like Bure, Bizona, and many others, 
-have been engulphed by earthquakes." 

In another place, this learned geographer, in allud- 
ing to the tradition that Sicily had been separated by 
a convulsion from Italy, remarks, that at present the 
land near the sea in thpse parts was rarely shaken 
by earthquakes, since there were now open orifices 
whereby fire and ignited matters and waters escape ; 
but formerly, when the volcanos of Etna, the Lipari 
Islands, Ischia, and others, were closed up, the impri- 
soned fire and wind might have produced far more 
vehement movements.* The doctrine, therefore, that 
volcanos are safety-valves, and that the subterranean 
convulsions are probably most violent when first the 
volcanic energy shifts itself to a new quarter, is not 
modern. 

We learn from a passage in Strabo f , that it was a 
dogma of the Gaulish Druids that the universe was 
immortal, but destined to survive catastrophes both of 
fire and water. That this doctrine was communicated 
to them from the East, with much of their learning, 
cannot be doubted. Caesar, it will be remembered, 
says that they made use of Greek letters in arithmetical 
computations, j: 

Pliny. — This philosopher had no theoretical opinions 
of his own concerning changes of the earth's surface ; 
and in this department, as in others, he restricted him- 
self to the task of a compiler, without reasoning on the 

* Strabo, lib. vi. p. S96. f Book iv. 

I L. vi. ch. ziii. 
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facta stated by him, or attempting to digest them into 
regular order. But his enumeration of the new islands 
which had been formed in the Mediterranean, and of 
other convulsions, shews that the ancients had not 
been inattentive observers of the changes which had 
taken place within the memory of man. 

Such, then, appear to have been the opinions enter- 
tained before the Christian era, concerning the past 
revolutions of our globe. Although no particular in- 
vestigations had been made for the express purpose of 
interpreting the monuments of ancient changes, they 
were too obvious to be entirely disregarded ; and the 
observation of the present course of nature presented 
too many proofs of alterations continually in progress 
on the earth to allow philosophers to believe that na- 
ture was in a slate of rest, or that the surface had 
remained, and would continue to remain, unaltered. 
But they had never compared attentively the results 
of the destroying and reproductive operations of mo- 
dern times with those of remote eras, nor had they 
ever entertained so much as a conjecture concerning 
the comparative antiquity of the human race, or of 
living species of animals and plants, with those belong- 
ing to former conditions of the organic world. They 
had studied the movements and positions of the hea- 
Tfinly bodies with laborious industry, and made some 
progress in investigating the animal, vegetable, and 
mineral kingdoms; but the ancient history of the glob 
was to them a sealed book, and, although written i 
characters of the most striking and imposing kind, they 
were unconscious even of its existence. 
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CHAPTER III. 

HISTORY OF THE PROGRESS OF GEOLOGY — COfltmuedL 

Arabian writers of the tenth century— Avicenna — Omar «« 
Cosmogony of the Koran — Kazwini — Early Italian wrhen 
(p. 33.) — Fracastoro — Controversy as to the real nature of fos- 
sils — Attributed to the Mosaic deluge — Palissy — Steno 
(p. 39.) — Scilla — Quirini — Boyle — Lister — Leibniti — 
Hooke's Theory of Elevation by Earthquakes (p. 46.) — Of 
lost species of animals — Ray — Physico-theoli^cal wriuri 

— Woodward's Diluvial Theory fp. 53 ) — Burnet — Wbittoa 

— Vallisneri — Lrfuzaro Moro (p. 59.) — Generelli — Buffim 
(p. 67.) — His theory condemned by the Sorbonne as unortho- 
dox — His declaration — Targioni — Arduino — Michell — 
Catcott — Paspe — Fuchsel (p. 75.) — Fortis — Testa — 
Whitehurst — Pallas — Saussure. 

Arabian toriters. — After the decline of the .Roman 
empire, the cultivation of physical science was first 
revived with some success by the Saracens, about the 
middle of the eighth century of our era. The works 
of the most eminent classic writers were purchased at 
great expense from the Christians, and translated into 
Arabic ; and Al Mamun, son of the famous Harun-al- 
Rashid, the contemporary of Charlemagne, received 
with marks of distinction, at his court at Bagdad^ 
astronomers and men of learning from different coun- 
tries. This caliph, and some of his successors, en- 
countered much opposition and jealousy from the 
doctors of the Mahomedan law, who wished the Mos- 
lems to confine their studies to the Koran, dreading 
the effects of the diffusion of a taste for the physical 
sciences.* 

* Mod. Univ. Hist. vol. ii. chap. iv. section iii. 
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Avicmna, — Almost all the works of the early 
Arabian writers are lost. Amongst those of the tenth 
century, of which fragments are now extant, is a short 
treatise " On the Formation and Classification of Mine- 
rals," by Avicenna, a physician, in whose arrangement 
there is considerable merit. The second chapter, 
" On the Cause of Mountains," is remarkable ; for 
mountains, he says, are formed, some by essential, 
others by accidental causes. In illustration of the 
essential, he instances " a violent earthquake, by which 
land is elevated, and becomes a mountain ;" of the ac- 
cidental, the principal, be says, is excavation by water, 
whereby cavities are produced, and adjoining lauds 
made to stand out and form eminences.* 

Otttar — Cosmoffonr/ of the Koran. — In the same 
century also, Omar, aurnamed " El Aalem," or " The 
Learned," wrote a work on " The Retreat of the Sea." 
It appears that on comparing the charts of his own 
time with those made by the Indian and Persian astro- 
nomers two thousand years before, he had satisfied 
himself that important changes had taken place since 
the times of history in the form of the coasts of Asia, 
and that the extension of the sea had been greater at 
some former periods. He was confirmed in this opi- 
nion by the numerous salt springs and marshes in 
the interior of Asia, — a phenomenon from which Pallas, 
in more recent times, has drawn the same inference. 

Von Hoff has suggested, with great probability, that 
the changes in the level of the Caspian (some of which 
there is reason to believe have happened within the 

* Moatea quaodoque fiuni ei csusa essentiiili, quim<ll>quc ei 
CDtua acddentali. Ex t^sGntiali csit^a, ut ei vchemcnti motu 
term citrvatur terra, et Hi montt. Accidenlsli, &c. — De Con- 
gcUliane Lapidum, Ed. Gcdani, 1683. 

c 3 
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historical era), and the geological appearances in that 
district, indicating the desertion by that sea of its an- 
cient bed, had probably led Omar to his theory of a 
general subsidence. But whatever may have been the 
proofs relied on, his system was declared contradictory 
to certain passages in the Koran, and he was called 
upon publicly to recant his errors ; to avoid whidi 
persecution he went into voluntary banishment from 
Samarkand.* 

The cosmological opinions expressed in the Koran 
are few, and merely introduced incidentally : so that 
it is not easy to understand how they could have in- 
terfered so seriously with free discussion on the fbrm^ 
changes of the globe. The Prophet declares that the 
earth was created in two days, and the mountains were 
then placed on it ; and during these, and two addi- 
tional days, the inhabitants of the earth were formed ; 
and in two more, the seven heavens, f There is no 

* Von Hoff, Geschichte der Verandeningen der Erdoberflache, 
▼ol. i. p. 406., who cites Delisle, bey Hismann Welt-und Volker* 
geschichte. Alte Gesch. l^ Theil. s. 234. — The Arabian 
persecutions for heretical dogmas in theology were often very 
sanguinary. In the same ages wherein learning was most in 
esteem, the Mahometans were divided into two sects, one of whom 
maintained that the Koran was increate, and had subsisted in ibe 
▼ery essence of God from all eternity ; and the other, the Motaxs- 
lites, who, admitting that the Koran was instituted by God, con- 
ceived it to have been first made when revealed to the Prophet at 
Mecca, and accused their opponents of believing in two eternal 
beings. The opinions of each of these sects were taken up by 
different caliphs in succession, and the followers of each some- 
times submitted tp be beheaded, or flogged till at the point of 
death, rather than renounce their creed. — Mod. Univ. Hist, 
vol. ii. ch. iv. 

f Koran, chap. zli. 
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more detail of circum stances ; aod the deluge, which 
is also mentioned, is discussed with eijual brevity. 
The waters are represented to have poured out of an 
oven ; a strange fable, s^d to be borrowed from the 
Persian Magi, who represented them as issuing from 
the oven of an old woman,' All men were drowned, 
save Noah and his family; and then God said, " O earth, 
swallow up thy waters; and thou, O heaven, withhold 
thy rain ; " and immediately the waters abated, f 

We may suppose Omar to have represented the 
desertion of the land by the sea to have been gradual, 
and that his hypothesis required a greater lapse of 
ages than was consistent with Moslem orthodoxy ; for 
it is to be inferred from the Koran, that man and this 
planet were created at the same time ; and although 
Mahomet did not limit expressly the antiquity of the 
human race, yet he gave an implied sanction to the 
Mosaic chronology, by the veneration expressed by 
him for the Hebrew Patriarchs. J 

A manuscript work, entitled the " Wonders of 
Nature," is preserved in the Royal Library at Paris, 
by an Arabian writer, Mohammed Kazwini, who flou- 
rished in the seventh century of the Hegira, or at the 
close of the thirteenth century of our era.^ Besides 
several curious remarks on aerolites, earthquakes, and 
the successive changes of position which the land and 

• Sale's Koran, chap. it. Bee note. f Hm"!- 

I KwisB, appointed maEter to Ihe Calipb A1 MamOd, waa au- 
thor of a book, entitled " The History of the PatriarciiB and Fro- 
phits,_/ro7B the Crcaiion. of Ihe JCorW."— Mod. Univ. HisI, vol. iL 

§ Translated by MM. Chezy and De Sacy, and cited by 
M. Elie de Beaumont, Ann. des Sci. Nat. 1832. 
c 4 
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sea have UDdergone, we meet with the followiog 
beautiful passage, which is given as the narrative of 
Khidhz, an allegorical personage : — << I passed one day 
by a very ancient and wonderfully populous city, and 
asked one of its inhabitants how long it had been 
founded. ' It is indeed a mighty city/ replied he> * we 
know not how long it has existed, and our ancestors 
were on this subject as ignorant as ourselves.' Five 
centuries afterwards, as I passed by the same place, I 
could not perceive the slightest vestige of the city. I 
demanded of a peasant who was gathering herbs, upoa 
its former site, how long it had been destroyed. < In. 
sooth, a strange question I ' replied he. < The ground 
here has never been different from what you now behold 
it.' — < Was there not of old,' said I, < a splendid city 
here?' — * Never,* answered he, ' so far as we have 
seen, and never did our fathers speak to us of any such** 
On my return there, 500 years afterwards, I found ike 
sea in the sameplouxy and on its shores were a party of 
fishermen, of whom I inquired how long the land had 
been covered by the waters ? < Is this a question,' said 
they, ' for a man like you ? this spot has always been 
what it is now.' I again returned, 500 years after* 
wards, and the sea had disappeared ; I inquired of a 
man who stood alone upon the spot, how long ago this 
change had taken place, and he gave me the same 
answer as I had received before. Lastly, on coming 
back again after an equal lapse of time, I found there 
a flourishing city, more populous and more rich in 
beautiful buildings than the city I had seen the first 
time, and when I would fain have informed myself 
concerning its origin, the inhabitants answered me, 
< Its rise is lost in remote antiquity : we are ignorant 
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how long it has existed, and our fathers were on this 
subject as ignorant as ourselves.' " 

Early Italian writers — Praaaaloro, 1517. — It was 
not till the earlier part of the sixteenth century that 
geological phenomena began to attract the attention 
of the Christian nations. At that period a very 
animated controversy sprung up in Italy, concerning 
the true nature and origin of marine shells, and other 
organized fossils, found abundantly in the strata of the 
peninsula.* The excavations made in 1517, for re- 
pairing the city of Verona, brought to light a multitude 
of curious petrifactions, and furnished matter for 
speculation to different authors, and among the rest 
to Fracastorof , who declared his opinion, that fossil 
shells had all belonged to living animals, which had 
formerly lived and multiplied where their exuviae are 
now found. He exposed the absurdity of having 
recourse to a certain " plastic force," which it was said 
had power to fashion stones into organic forms ; and, 
with no less cogent arguments, demonstrated the 
futility of attributing the situation of the shells in 
question to the Mosaic deluge, a theory obstinately 
defended by some. That inundation, he observed, 
was loo transient, it consisted principally of fluviatile 
waters ; and if it had transported shells to great 
distances, must have strewed them over the surface, 
not buried them at vast depths in the interior of 
mountains. His clear exposition of the evidence 
would have terminated the discussion for ever, if the 
passions of mankind had not been enlisted i 

■ See Brocchi's DiscauTEe on [be Frogre» at tht Study 
Fossil Conchology in Iialy, where somi; of Ihe following 
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dispute; and even though doubts should for a time 
have remained in some minds, they would speedily 
have been removed by the fresh information obtained 
almost immediately afterwards, respecting the structure 
of fossil remains, and of their living analogues. 

But the clear and philosophical views of Fracastoro 
were disregarded, and the talent and argumentative 
powers of the learned were doomed for three centuries 
to be wasted in the discussion of these two simple and 
preliminary questions : first, whether fossil remains had 
ever belonged to living creatures; and, secondly, 
whether, if this be admitted, all the phenomena could 
not be explained by the Noachian deluge. It had been 
the general belief of the Christian world down to 
the period now under consideration, that the origin 
of this planet was not more remote than a few thou- 
sand years ; and that since the creation the deluge was 
the only great catastrophe by which considerable 
change had been wrought on the earth's surface. On 
the other hand, the opinion was scarcely less general, 
that the final dissolution of our system was an event to 
be looked for at no distant period. The era, it is true, 
of the expected millennium had passed away ; and for 
five hundred years after the fatal hour, when the 
annihilation of the planet had been looked for, the 
monks remained in undisturbed enjoyment of rich 
grants of land bequeathed to them by pious donors, 
who, in the preamble of deeds beginning << appropin- 

quante mundi termino" << appropinquante magno 

judicii die," lefl lasting monuments of the popular 
delusion. * 

* In Sicily, in particular, the title-deeds of many valuable 
grants of land to the monasteries are headed by such preamble^ 
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But although in the sixteenth century it had become 
necessary to interpret the prophecies more liberally, 
and to assign a more distant date to the future con- 
flagration of the world, we find, in the speculations of 
the early geologista, perpetual allusion to such an ap- 
proaching catastrophe ; while in all that regarded the 
antiquity of the earth, no modification whatever of the 
opinions of the dark ages had been effected. Consider- 
able alarm was at first excited when the attempt was 
made to invalidate, by physical proofs, an article of 
faith so generally received; but there was sufficient 
spirit of toleration and candour amongst the Italian 
ecclesiastics, to allow the subject to be canvassed with 
much freedom. They even entered warmly into the 
controversy themselves, oflen favouring different sides 
of the question; and however much we may deplore 
the loss of time and labour devoted to the defence of 
untenable positions, it must be conceded, that they 
displayed far less polemic bitterness than certain 
writers who followed them " beyond the Alps," two 
" a half later. 



MaUioli — Falloppio, — The system of scholastic 
disputations encouraged in the universities of the 
middle ages had unfortunately trained men to habits 
of indefinite argumentation; and they often preferred 
absurd and extravagant propositions, because greater 
skill was required to maintain them; the end and 

minpoBed bj the lestiitor* about the period when the good King 
Roger was eipclliDg the Ssracens from that island. 

c 6 
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object of these intellectual combats being victory, and 
not truth. No theory could be so iGur*fetched or 
fimtastical as not to attract some followers, provided it 
fell in with popular notions ; and as cosmogonista were 
not at all restricted, in building their systems, to the 
agency of known causes, the opponents of Fracaatoro 
met his arguments by feigning imaginary causes, whidi 
differed from each other rather in name than in sul^ 
atance. Andrea Mattioli, for instance, an eminent 
botanist, the illustrator of Dioscorides, embraced the 
notion of Agricola, a German miner, that a certain 
*^ materia pinguis," or ** fatty matter," set into ferment- 
ation by heat, gave birth to fossil organic shapes. Yet 
Mattioli had come to the conclusion, from his own 
observations, that porous bodies, such as bones and 
shells, might be converted into stone, as being per- 
meable to what he termed the << lapidifying juice.** 
In like manner, Falloppio of Padua conceived that 
petrified shells were generated by fermentation in 
the spots where they are found, or that they had in 
some cases acquired their form from << the tumultuous 
movements of terrestrial exhalation^." Although cele- 
brated as a professor of anatomy, he taught that 
certain tusks of elephants dug up in his time at Puglia 
were mere earthy concretions ; and, consistently with 
these principles, he even went so far as to consider it 
probable, that the vases of Monte Testaceo at Rome 
were natural impressions stamped in the soil.* In 
the same spirit, Mercati, who published, in 1574^ 
fiuthful figures of the fossil shells preserved by Pope 
Sixtus y. in the Museum of the Vatican, expressed an 
opinion that they were mere stones, which had assumed 

* De FoKilib. pp. 109. and 176. 
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their pecuiiar confignratiOD from the influence of the 
heavenly bodies; and Olivi of Cremona, who described 
the fossil remains of a rich Museum at Verona, was 
satisfied with considering them as mere " sports of 
nature." 

Some of tiie fanciful notions of those times were 
deemed less unreasonable, as being somewhat in har- 
mony with the Aristotelian theory of spontaneoua 
generation, then taught in all the schools. For men 
who had been taught in early youth, that a lai^e pro- 
portion of living animaU and plants were formed from 
the fortuitous concourse of atoms, or had sprung from 
the corruption of organic matter, miglit easily per- 
suade themselves, that organic shapes, often imper- 
fectly preserved in the interior of solid rocks, owed 
their existence to causes equally obscure and mys- 
terious. 

Cardano, 1532. — But there were not wanting some 
who, during the progress of tfiis century, expressed 
more sound and sober opinions. The title of a work 
of Cardano's, published in 1552, " De Subtililate" 
(corresponding to what would now be called Trans- 
cendental Philosophy), would leud us to expect, in the 
chapter on mirerals, many far-fetched theories cha- 
racteristic of that age ; hut, when treating of petrified 
shells, he decided that they clearly indicated the 
former sojourn of the sea upon the mountains.* 

Cesalpijui — Mu/'oli, 1597. — Cesalpino, a celebrated 
botanist, conceived that fossil shells had been lefl on 
the land by the retiring sea, and had concreted into 
stone during tlie consolidation of the soilf ; and in the 
following year (1597), Simeone Majolii; went still 

• Brocclii, Con. Fois. Subap. Disc, sui Prog. vol. i. p. S. 
1 ML-talUci). t Dies Caniculsrea. 
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farther ; and, coinciding for the most part with the 
views of Cesalpino, suggested that the shells and sub- 
marine matter of the Veronese, and other districts, 
might have been cast up upon the land by volcanic 
explosions, like those which gave rise, in 1538^ to 
Monte Nuovo, near Puzzuoli. This hint seems to 
have been the first imperfect attempt to connect the 
position of fossil shells with the agency of volcanosy 
a system afterwards more fully developed by Hooke, 
Lazzaro Moro, Hutton, and other writers. 

Two years afterwards, Imperati advocated the ani- 
mal origin of fossilized shells, yet admitted that stones 
could vegetate by force of " an internal principle ;" 
and, as evidence of this, he referred to the teeth of 
fish, and spines of echini found petrified.* 

Palissy^ 1580. — Palissy, a French writer on *< The 
Origin of Springs from Rain-water," and of other 
scientific works, undertook, in 1580, to combat the 
notions of many of his contemporaries in Italy, that 
petrified shells had all been deposited by the universal 
deluge. " He was the first," said Fontenelle, when, 
in the French Academy, he pronounced his eulogy^ 
nearly a century and a half later, " who dared assert," 
in Paris, that fossil remains of testacea and fish had 
once belonged to marine animals. 

Fabio Colonna, — ^^To enumerate the multitude of 
Italian writers, who advanced various hypotheses, all 
equally fantastical, in the early part of the seventeenth 
century, would be unprofitably tedious; but Fabio 
Colonna deserves to be distinguished; for, although 
he gave way to the dogma, that all fossil remains were 
to be referred to the Noachian deluge, he resisted the 
absurd theory of Stelluti, who taught that fossil wood 

* Storia Naturale. 



and ammonites were mere clay, altered into such forma 
by sulphureous waters and subterranean heat ; and he 
pointed out the different states o? shells buried in the 
strata, diGtinguishing between, first, the mere mould or 
impression ; secondly, the cast or nucleus ; and, thirdly, 
the remains of the shell itself. He had also ihe merit 
of being the first to point out, that some of the fossils 
hail belonged to marine, and some to terrestrial, 
testacea." 

Sferio, 1669- — But the most remarkable work of 
that period was published by Steno, a Dane, once 
professor of anatomy at Padua, and who afterwards 
resided many years at the court of the Grand Duke of 
Tuscany. His treatise bears the quaint title of " De 
Solido intra Solidum naturaliter contenlo (1669)," by 
which the author intended to express, " On Gems, 
Crystals, and organic petrifactions inclosed within 
Bolid Rocks." This work attests the priority of the 
Italian school in geological research; exemplifying at 
the same time the powerful obstacles opposed, in that 
age, to the general reception of enlarged views in the 
science. It was still a favourite dogma, that the fossil 
remains of shells and marine creatures were not of 
animal origin; an opinion adhered to by many from 
their extreme reluctance to believe, that the earth 
could have been inhabited by living beings before a 
great part of the existing mountains were farmed. In 
reference to this controversy, Steno had dissected a 
shark recently taken from the Mediterranean, and had 
demonstrated tliat its teeth and bones were identical 
with many fossils found in Tuscany. He had also 
compared the shells discovered in the Italian strata 

■ Osserr. sugli Animali aquil. c lerrest. 1626, 
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with living species, pointed out their resemblancey 
and traced the various gradations from shells merely 
calcined, or which had only lost their animal gluten, to 
those petrifactions in which there was a perfect substi-' 
tution of stony matter. In his division of mineral 
masses, he insisted on the secondary origin of those 
deposits in which the spoils of animals, or fragments 
of older rocks were inclosed. He distinguished between 
marine formations and those of a fluviatile character, 
t^e last containing reeds, grasses, or the trunks and 
branches of trees. He argued in favour of the original 
horizontality of sedimentary deposits, attributing their 
present inclined and vertical position sometimes to the 
escape of subterranean vapours, heaving the crust of 
the earth from below upwards, and sometimes to the 
filing in of masses over-lying subterranean cavities. 

He declared that he had obtained proof that Tuscany 
must successively have acquired six distinct configura- 
tions, having been twice covered by water, twice laid dry 
with a level, and twice with an irregular and uneven 
surface.* He displayed great anxiety to reconcile his 
new views with Scripture, for which purpose he pointed 
to certain rocks as having been formed before the 
existence of animals and plants ; selecting unfortunately 
as examples certain formations of limestone and sand- 
stone in his own country, now known to contain, though 
sparingly, the remains of animals and plants, — strata 
which do not even rank as the oldest part of our 
secondary series. Steno suggested that Moses, when 
speaking of the loftiest mountains as having been 
covered by the deluge, meant merely the loftiest of the 
hills then existing, which may not have been very high. 

* Sex itaque distinctas Etruriae fades agnoscimus, diun bis 
fluida, bis plana, et sicca, bis aspera fuerit, &c. 
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The diluvian waters, he supposed, may have issued 
from the interior of the earth into which they had 
retired, when in the beginning the land was separated 
from the sea. These, and other hypotheses on the 
same subject, are not calculated to enhance the value 
1^ the treatise, and could scarcely fail to detract from 
the authority of those opinions which were sound aod 
legitimate deductions from fact and observation. They 
have served, nevertheless, as the germs of many 
popular theories of later times, and in an expanded 
form have been put forth as original inventions by 
some of our contemporaries. 

Sci/la, 1C70- — SciUa, a Sicilian painter, published, 
in 1670, a treatise, in Latin, on the fossils of Calabria, 
illustrated by good engravings. This work proves the 
continued ascendency of dogmas often refuted ; for we 
find the wit and eloquence of the author chiefly directed 
against the obstinate incredulity of naturalists as to 
the organic nature of fossil shells.* Like many 
eminent naturalists of his day, Scilla gave way to the 
popular persuasion, that all fossil shells were the effects 
and proofs of the Mosaic deluge. It may be doubted 
whether he was perfectly sincere, and some of his con- 
temporaries who took the same course were certainly 
not so. Bat so eager were they to root out what they 
justly considered an absurd prejudice respecting the 
nature of organized fossils, that they seem to have 
been ready to make any concessions, in order to 

• Sc[l la quotes ilie remerk of Cictro on the slory thnte sionein 
Chios hod been cleEl open, and presented the bend of Paoiticiis in 
relief: — "1 believe," said the orator, " that the figure bore some 
resemblance to Fnniecus, but not such that you would havu deemed 
it Kulptured by Scopaa ; for chance nuver perfectly imiutea (he 
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establish thb preliminary point. Such a compromisiiig 
policy was short-sighted, since it was to little purpose 
that the nature of the documents should at length be 
correctly understood, if men were to be prevented 
from deducing fair conclusions from them. 

Dilumal Theory, — The theologians who now entered 
the field in Italy, Germany, France, and England, were 
innumerable ; and henceforward, they who refused to 
subscribe to the position, that all marine organic re- 
mains were proofs of the Mosaic deluge^ were exposed 
to the imputation of disbelieving the whole of the 
sacred writings. Scarcely any step had been made in 
approximating to sound theories since the time of 
Fracastoro, more than a hundred years having been 
lost, in writing down the dogma that organized fbssOs 
were mere sports of nature. An additional period of 
a century and a half was now destined to be consumed 
in exploding the hypothesis, that organized fossils had 
aU been buried in the solid strata by the Noachian 
flood. Never did a theoretical fallacy, in any branch 
of science, interfere more seriously with accurate 
observation and the systematic classification of facts. 
In recent times, we may attribute our rapid progress 
chiefly to the careful determination of the order of 
succession in mineral masses, by means of their 
different organic contents, and their regular super- 
position. But the old diluvialists were induced by 
their system to confound all the groups of strata to- 
gether instead of discriminating, — to refer all appear- 
ances to one cause and to one brief period, not to a 
variety of causes acting throughout a long succession 
of epochs. They saw the phenomena only as they 
desired to see them, sometimes misrepresenting factS| 
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and at other times deducing false conclusions from 
correct data. Under the influence of such prejuJices, 
three centuries were of as little avail as a few years 
in our own times, when we are no longer required 
to propel the vessel against the force of un adverse 
current. 

It may be well, therefore, to forewarn the reader, 
that in tracing the history of geology from the close of 
the seventeenth to the end of the eighteenth century, 
he must expect to be occupied with accounts of the 
retardation, as welt as of the advance of the science. 
It will be necessary to point out the frequent revival 
of exploded errors, and the relapse from sound to the 
most absurd opinions; and to dwell on futile reasoning 
and visionary hypothesis, because some of the most 
exlavagant systems were invented or controverted by 
men of acknowledged talent. In short, a sketch of the 
progress of geology is the history of a constant and 
violent struggle between new opinions and ancient doc- 
trines, sanctioned by the implicit faith of many gene- 
rations, and supposed to rest on scriptural authority. 
The inquiry, therefore, although highly interesting to 
one who studies the philosophy of the human mind, is 
too of^en barren of instruction to him who searches for 
truths in physical science. 

Qttirini, 1676. — Quirini, in 1676*, contended, in 
opposition to Scilla, that the diluvian waters could not 
have conveyed heavy bodies to the summit of moun- 
tains, since the agitation of the sea never (as Boyle 
had demonstrated) extended to great depths f ; and 

* De TcstHCeiti fiKsilibui Mus. Septaliani. 

f The opinions of Boyle, alluded to by Qjiirini, were published 
a few years before, in a short article enliUetl " On tlie Bottom of 
thoSisa." From observations collected from the divers of the pearl 
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Still less could the testacea, as some pretended, h^e 
lived in these diluvian waters ; for << the duration of the 
flood was brief, and th^ heavy rains must have desirdg^ 
Ae saUness of the sea! ^ He was the first writer who 
ventured to maintain that the universality of the 
Noachian cataclysm ought not to be insisted upon. A# 
to the nature of petrified shells, he conceived that as 
earthy particles united in the sea to form the shells of 
mollusca, the same crystallizing process might be ef- 
fected on the land ; and that, in the latter case, the 
germs of the animals might have been disseminatied 
through the substance of the rocks, and afterwards 
developed by virtue of humidity. Visionary as was- 
this doctrine, it gained many proselytes even amonggi 
the more sober reasoners of Italy and Germany ; for it- 
conceded that the position of fossil bodies could not 
be accounted for by the diluvial theory. 

Plot — Lister y 1678. — In the mean time, the doc- 
trine that fossil shells had never belonged to real 
animals maintained its ground in England, where 
the agitation of the question began at a much later 
period. Dr. Plot, in his " Natural History of Oxford- 
shire" (1677), attributed to a <^ plastic virtue latent 
hi the earth" the origin of fossil shells and fishes ; and 
Lister, to his accurate account of British shells, in- 
1678, added the fossil species, under the appellation of 



fishery, Boyle inferred that, when the waves were six or seven fceC 
high above the surface of the water, there were no signs of agiW 
ation at the depth of fifteen fathoms ; and that even during hca y y . 
gales of wind, the motion of the water was exceedingly diminisbed 
at the depth of twelve or fifteen feet. He had also learnt from 
some of his informants, that there were currents running in oppo- 
site directions at different depths. — Boyle's Works, vol. iii. p. 110. 
London, 1744^ 
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tuTiinaied and bivalve slone». " Either," said he 
" these were terriginous, or, if olherwiae, the aniioala 
they so exactly represent have become extinct." This 
writer appears Ui have been the first who was aware 
of the continuity over large districts of the principal 
groups of strata in the British series, and who proposed 
the construction of regular geological maps.^ 

Leibnitz, 1680. — The great mathematician Leibnitz 
publisheil his " Protogtea" in 1680. He imagined this 
planet to have been originally a burning luminous 
mass, which ever since its creation has been un- 
dergoing refrigeration. When the outer crust had 
cooled down sutBciently to allow the vapours to be 
condensed, they fell, and formed a universal ocean, 
covering the loftiest mountains, and investing the 
whole globe. The crust as it consolidated from a 
state of fusion, assumed a vesicular and cavernous 
structure ; and being rent in some places, allowed the 
water to rush into the subterranean hollows, whereby 
tlie level of the primeval ocean was lowered. The 
breaking in of these vast caverns is supposed to have 
given rise to the dislocated and deranged position 
of the strata " which Steno had described," and the 
same disruptions communicated violent movements to 
the incumbentwalers, whence great ioundationsensued. 
The waters, after they had been thus agitated, deposited 
their sedimentary matter during intervals of quies- 
cence, and hence the various stony and earthy strata. 
" We may recognize, therefore," says Leibnitz, " a 
double origin of primitive masses, the one by refriger- 
ation from igneous fusion, the other by concretion from 

• See Mr. Conyljearti's eirellent Tnlroductlon to iliu " Outlines 
_of the Geology of England md Wales," p. 12. __ 
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aqueous solution.*'* By the repetition of similar 
causes (the disruption of the crust and consequent 
floods), alternations of new strata were produced, until 
at length these causes were reduced to a condition of 
quiescent equilibrium, and a more permanent state of 
things was established.f 

JIooke,\6SS. — The " Posthumous Works of Robert 
Hooke, M.D.,'* well known as a great mathematician 
and natural philosopher, appeared in 170.5, containing 
<< A Discourse of Earthquakes," which, we are in- 
formed by his editor, was written in 1668, but revised 
at subsequent periods, j: Hooke frequently refers to 
the best Italian and English authors who wrote before 
his time on geological subjects ; but there are no pas- 
sages in his works implying that he participated in the 
enlarged views of Steno and Lister, or of his contem- 
porary. Woodward, in regard to the geographical ex- 
tent of certain groups of strata. His treatise, however, 
is the most philosophical production of that age, in 
regard to the causes of former changes in the organic 
and inorganic kingdoms of nature. 

" However trivial a thing," he says, " a rotten shell 
may appear to some, yet these monuments of nature 

* Unde jam duplex origo intelligitur primorum corponim, una* 
cum ab ignis fusione refrigescerent, altera, cum reconcrescerent 
ex solutione aquarum. 

f Redeunte mox simili causft strata subiude alia aliis impooe- 
rentur, et fades teneri adhue orbis ssepius novata est. 
quiescentibus causis, atque sequilibratis, consistentior emei 
rerum status.— For an able analysis of the views of Leibnits, in 
his Protogcea, see Mr. Conybeare*s Report to the Brit. Assoc on 
the Progress of Geological Science, 1832. 

I Between the year 1688 and his death, in 1703, he read serenl 
memoirs to the Royal Society, and delivered lectures on Tarious 
subjects, relating to fossil remains and the effects of earthquakes. 
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are more certain tokens of antiquity than coins or 
medals, since the best of those may be counterfeited 
or made by art and design, aa may also books, manu- 
scripts, and inscriptions, as all the learned are now 
sufficiently satisfied has often been actually practised," 
&c, ; " and though it must be granted that it is very 
difficult to read them (the records of nature) and 
to raise a chronology out of them, and to state the 
intervals of the time wherein such or such cata- 
strophes and mutations have happened, yet it is not 
impossible."' 

RespectingtheeXtinction of species, Hookewaaaware 
that the fossil ammonites, nautili, and many other shells 
and fossil skeletons found in England, were of different 
species from any then known ; but he doubted whether 
the species had become extinct, observing that the 
knowledge of naturalists of all the marine species, 
especially those inhabiting the deep sea, was very 
deficient. In some parts of his writings, however, he 
leans to the opinion that species had been lost ; and, 
in speculating on this subject, he even suggests that 
there might be some connection between the disap- 
pearance of certain kinds of animals and plants, and 
the changes wrought by earthquakes in former ages. 
Some species, he observes with great sagacity, are 
" peettliar to certain place*, and not to be found else- 
where. If, then, such a place had been swallowed up, 
it is not improbable but that those animate beings may 
have been destroyed with it ; and this may be true both 
of aerial and aquatic animals: for those animated 
bodies, whether vegetables or animals, which were 
naturally nourished or refreshed by the air, would be 

• PoMh. Works, Lecture, Feb. 2B. 1688. 
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destroyed by the water," &c,* Turtles, he adds, and 
such large axnuionites as are found in Portland, seem 
to have been the productions of hotter countries; 
and it is necessary to suppose that England cmoe 
lay under the sea within the torrid zone ! To ex- 
plain this and similar phenomena, he indulges in a 
variety of speculations concerning changes in the posi- 
tion of the axis of the earth's rotation, <' a shifting of the 
earth's centre of gravity, analogous to the revolutioDi 
of the magnetic pole,'* &c. None of these conjectures, 
however, are proposed dogmatically, but rather in the 
hope of promoting fresh inquiries and experiments. 

In opposition to the prejudices of his age, we find 
him arguing against the idea that nature had finrhed 
fossil bodies ^^ for no other end than to play the mimic 
in the mineral kingdom;" — maintaining that figured 
stones were << really the several bodies they represent 
or the mouldings of them petrified," and << not, as some 
have imagined, ^ a lusus naturse,' sporting herself in 
the needless formation of useless beings." f 

* Posth. Works, p. 327, 

f Posth. Works, Lecture, Feb. 15. 1688. Hooke explained, 
with considerable clearness, the difierent modes wherein orgjuSc 
substances may become lapidified ; and, among other tUustratioiMb 
he mentions some silicified palm-wood brought from Africa, on 
which M. de la Hire had read a Memoir to the Royal Acadeinj 
of France (June, 1692), wherein he had pointed out, not only the 
tubes running the length of the trunk, but the roots at cme ex- 
tremity. De la Hire, says Hooke, also treated of certain tree* 
found petrified in " the river that passes by Bakan, in the king- 
dom of AvGf and which has for the space of ten leagues the virtnt 
of petrifjring wood.'* It is an interesting fact, that the silicified 
wood of the Irawadi should have attracted attention more than one 
hundred years ago. Remarkable discoveries have been recently 
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It was objected to Hooke, that his doctrine of the 
extinctioQ of species derogated from the wisdom and 
power of the Omnipotent Creator; but he answered, 
that, as individuals die, there may be some termination 
to the duration of a species; and his opinions, he 
declared, were not repugnant to Holy Writ : for the 
Scriptures taught that our system was degetierating, 
and tending to its final dissolution ; " and as, when that 
shall happen, all the species will be lost, why not some 
at one time and some at another?"" 

But his principal object was to account for the 
manner in which shells had been conveyed into the 
higher parts of " the Alps, Apennines, and Pyrenean 
hills, and the interior of continents in general." These 
and other appearances, he said, might have been 
brought about by earthquakes, " which have turned 
plains into mountains, and mountains into plains, seas 
into land, and land into seas, made rivers where there 
were none before, and swallowed up others that for- 
merly were, &c. &c. ; and which, since the creation of 
the world, have wrought many great changes on the 
superficial parts of the earth, and have been the in- 
struments of placing shells, bones, plants, fishes, and 
the like, in those places where, with much astonish- 
ment, we find them."-|- This doctrine, it is true, had 
been laid down in terms almost equally explicit by 
Strabo, to explain the occurrence of fossil shells in 
the interior of continents, and to that geographer, 



I there of fossil animals and vegetables, hj Mr. Crawfurd and 
Wallich. — See Geal. Trana. vol. ii. part ili. p. 377. sec^ond 
s. De la Hire c'lles Fuher Duchatz, in the second tolunu 

Otwervationsinadein thti Indies by Ehe Jesuila-'^ 
PosUi. Works, Lecture Ma/39.ie89. f PoMh. Works, p.alS. 
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and other writers of antiquity, Hooka frequently re- 
fers ; but the revival and development of the Bjstem 
was an important step in the progress of modem 
science. 

Hooke enumerated all the examples known to hiot 
of subterranean disturbance, from << the sad catastrophe 
of Sodom and Gomorrah'' down to the Chilj^an earth- 
quake of 164*6. The elevating of the bottom of the 
sea, the sinking and submersion of the land, and mo«t 
of the inequaliti(» of the earth's surface, mighty he 
said, be accounted for by the agency of these sub- 
terranean causes. He mentions that the coast near 
Naples was raised during the eruption of Monte Ntiopo; 
and diat, in 1591, land rose in the island of St. Michael^ 
during an eruption; and although it would be moie 
difficult, he says, to prove, he does not doubt but that 
there had been as many earthquakes in the parts of 
the earth under the ocean, as in the parts of the dry 
land ; in confirmation of which, he mentions the im- 
measurable depth of the sea near some volcanos. To 
attest the extent of simultaneous subterranean move- 
ments, he refers to an earthquake in the West lodiesy 
in the year 1690, where the space of earth raised, or 
'< struck upwards," by the shock, exceeded, he affirms, 
the length of the Alps and the Pyrenees. 

Hooke' s diluvud theory, — As Hooke declared tlie 
&vourite hypothesis of the day, << that marine fbsail 
bodies were to be referred to Noah's flood," to be 
wholly untenable, he appears to have felt himself 
called upon to substitute a diluvial theory of his 
own, and thus he became involved in countless dif* 
ficulties and contradictions. '< During the great cata- 
strophe," he said, << there might have been a changiiig 
of that part which was before dry kmd into sea by 
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sinking, and of that which was sea into dry land by 
rateing, and marine bodies might have been buried ia 
aediraeiit beneath the ocean, in the interval between 
the creation and the deluge."* Then follows a dis- 
quisition on the separation of the land from the waters, 
mentioned in Genesis: during which operation some 
places of the shell of the earth were forced outwards, 
and others pressed downwards or inwards, &c. His 
diluvial hypothesis very much resembled that of Sleno, 
and was entirely opposed to the fundamental prin- 
ciples professed by him, that he would explain the 
former changes of tlie earth in a more natural manner 
than others had done. Wlien, in despite of this de- 
claration, he required a former " crisis of nature," and 
taugbt that earthquakes had become debilitated, and 
that the Alps, Andes, and other chains, had been lifted 
up in a few months, he was compelled to assume so 
rapid a rate of change, that his machinery appeared 
scarcely less extravagant than that of his most fanciful 
predecessors. For this reason, perhaps, his whole 
theory of earthquakes met with undeserved neglect. 

Jiai/, 1692. — Oue of his contemporaries, the cele- 
brated naturalist, Ray, participated in the same desir« 
to explain geological phenomena, by reference to causes 
less hypothetical than those usually resorted to.-|- In 
his essay on " Chaos and Creation," he proposed a 
system, agreeing in ita outline, and in many of its 
details, with that of Hooke ; but his knowledge of 

• Post. Worts, p. 410. 

f Ray's Physico-lheologicBl Discaurses irore of aoniewhfll later 
dale Uiiin Iloolie's great work on earthquakea. He speaks of 
Huake BS one '■ wham for bis learning and deep insiglil into the 
niysterie* of nauire he dcwrvedly honoured," — On Ihe Deiiigt, 
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natural history enabled him to elucidate the subject 
with various original, observations. Earthquakes, he 
suggested, might have been the second causes em- 
ployed at the creatiopy in separating the land from the 
waters, and in gathering the waters together into one 
place. He mentions, like Hooke, the earthquake of 
1646, which had violently shaken the Andes for some 
hundreds of leagues, and made many alterations therein. 
In assigning a cause for the general deluge, he pre- 
ferred a change in the earth's centre of gravity to the 
introduction of earthquakes. Some unknown cause* 
he said, might have forced the subterranean waters 
outwards, as was, perhaps, indicated by <^ the breaking 
up of the fountains of the great deep." 

Ray was one of the first of our writers who enlai^^ 
upon the effects of running water upon the land» and 
of the encroachment of the sea upon the shores. So 
important did he consider the agency of these causes, 
that he saw in them an indication of the tendency of 
our system to its final dissolution ; and he wondered 
why the earth did not proceed more rapidly towards s 
general submersion beneath the sea, when so much 
matter was carried down by rivers, or undermined in 
the sea-cliffs. We perceive clearly from his writings* 
that the gradual decline of our system, and its future 
consummation by fire, was held to be as necessary an 
article of faith by the orthodox, as was the recent 
origin of our planet. His discourses, like those of 
Hooke, are highly interesting, as attesting the familiar 
association in the minds of philosophers, in the age of 
Newton, of questions in physics and divinity. Bay 
gave an unequivocal proof of the sincerity of his minc^ 
by sacrificing his preferment in the church, rather than 
take an oath against the Covenanters; which he could 



not reconcile with his conscience. His reputation, 
moreover, in the aeientific world placed him high above 
the temptation of courting popularity, by pandering to 
the physico-theologieal taste of his age. It is, there- 
fore, curious to meet with so many citations from the 
Christian fathers and prophets in his essays on physical 
science — to find him in one page proceeding, by the 
strict rules of induction, to explain the former changes 
of the globe, and in the next gravely entertaining the 
question, whether the sun and stars, and the whole 
heavens shall be annihilated, together with the earth, 
at the era of the grand conflagration. 

Woodtoard, 1695. — Among the contemporaries of 
Hooke and Ray, Woodward, a professor of medicine, 
had acquired the most extensive information respecting 
the geological structure of the crust of the earth. He 
had examined many parts of the British strata with 
minute attention ; and his systematic collection of spe- 
amens, bequeathed to the University of Cambridge, 
and atill preserved there as arranged by him, shows 
how far he had advanced in ascertaining the order of 
superposition. From the great number of facts col- 
lected by him, we might have expected his theoretical 
vie^s to be more sound and enlarged than those of his 
contemporaries ; but in his anxiety to accommodate all 
observed phenomena to the scriptural account of the 
Creation and Deluge, he arrived at most erroneous 
results. He conceived " the whole terrestrial globe 
to have been taken to pieces and dissolved at the flood, 
and the strata to have settled down from this promis- 
cuous mass as any earthy sediment from a fluid."* In 
corroboration of these views, he insisted upon the fact, 
tliat " marine bodies are lodged in the strata according 

* EasajrIanardsB Natural History of the Eartli, 1695. Pretace. 
D 3 . 
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to the order of their gravity j^the heavier shells in stcme^ 
the lighter in chalk, and so of the rest." * Ray im- 
mediately exposed the unfounded nature of this asser- 
tion, remarking truly, tliat fossil bodies <' are often 
mingled, heavy with light, in the same stratum ; ** and 
he even went so far as to say, that Woodward << must 
have invented the phenomena for the sake of confirm- 
ing his bold and strange hypothesis f ** — a stirong 
expression from the pen of a contemporary. 

Bumety 1690. — At the same time Burnet published 
his '' Theory of the Earth/' % The title is most cha- 
racteristic of the age, — " The Sacred Theory of the 
Earth ; containing an Account of the Original of the 
Earth, and of all the general Changes which it hath 
already undergone, or is to undergo, till the Consum* 
mation of all Things.'' Even Milton had scarcely 
ventured in his poem to indulge his imagination so 
freely in painting scenes of the Creation and Deluge, 
Paradise and Chaos. He explained why the primeval 
earth enjoyed a perpetual spring before the flood! 
showed how the crust of the globe was fissured by 
<' the sun's rays," so that it burst, and thus the diluvial 
waters were let loose from a supposed central abyss. 
Not satisfied with these themes, he derived from the 
books of the inspired writers, and even from heathen 
authorities, prophetic views of the future revolutions 
of the globe, gave a most terrific description of the 
general conflagration, and proved that a new heaven 
and a new earth will rise out of a second chaos — after 
which will follow the blessed millennium. 

* Essay towurds a Natural History of the Earth, 1695. Preflice. 

{ Consequences of the Deluge, p. 165. 

I First published in Latin, between the years 1680 and 1690. 
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The reader should be ioformed, that, according to 
the opinion of many respectable writers of that age, 
there was good scriptural ground for presuming that 
the garden bestowed upon our first parents was not on 
the earth itself, but above the clouds, in the middle 
region between our planet and the moon. Burnet 
approaches with becoming gravity the discussion of so 
important a topic. He was willing to concede that 
the geographical position of Paradise was not in Meso- 
potamia, yet he maintained that it was upon the earth, 
and in the southern liemisphere, near the equinoctial 
line. Butler selected this conceit as a fair mark for 
his eatire, when, amongst the numerous accomplish- 
ments of Hudibras, he says, — 

^ He knew tbe seat oF Fandiae, ' 

^^p Could tell in what degree it lies ; 

^^H And, as he wis disposed, cauld piUTe it 

^^ Below the moon, or else ubove it. 

Yet the same monarch, who ia said never to have slept 
without Butter's poem under his pillow, was so great 
an admirer and patron offiurnet's book, that he ordered 
it to be translated from the Latin into English, The 
style of the "Sacred Theory" was eloquent, and the 
book displayed powers of invention of no ordinary 
stamp. It was, in fact, a fine historical romance, as 
BulFon afterwards declared ; btrt it was treated as a 
work of profound science in Ihe time of its author, and 
was panegyriKed by Addison in a Latin ode, while 
Steele praised it in the " Spectator," Towards the 
end of Ihe last century, Warton, in his " Essay on 
Pope," discovered that Bumel united the facidty of 
Judgtnent with powers of imagination. 

WAitton, 1696. — Another production of the same 
school, and equally characteristic of the time, was that 
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of Whiston, entitled, " A New Theory of the Earth ; 
wherein the Creation of the World in Six Days, the 
Universal Deluge, and the General Conflagration^ as 
laid down in the Holy Scriptures, are shewn to be 
perfectly agreeable to Reason and Philosophy/' He 
was at first a follower of Burnet ; but his faith in the 
infallibility of that writer was shaken by the declared 
opinion of Newton, that there was every presumption 
in astronomy against any former change in the inclin- 
ation of the earth's axis. This was a leading dogma in 
Burnet's system, though not original, for it was bor* 
rowed from an Italian, Alessandro degli Ale^sandr^ 
who had suggested it in the beginning of the fifteenth 
century, to account for the former occupation of the 
present continents by the sea. La Place has since 
strengthened the arguments of Newton, against the 
probability of any former revolution of this kind. 

The remarkable comet of 1680 was fresh in the 
memory of every one when Whiston first began his 
cosmological studies, and the principal novelty of his 
speculations consisted in attributing the deluge to the 
near approach to the earth of one df these erratic 
bodies. Having ascribed an increase of the waters to 
this source, he adopted Woodward's theory, supposing 
all stratified deposits to have resulted from the 
*^ chaotic sediment of the flood." Whiston was one of 
the first who ventured to propose that the text of Ge- 
nesis should be interpreted differently from its ordinary 
acceptation, so that the doctrine of the earth having 
existed long previous to the creation of man might no 
longer be regarded as unorthodox. He had the art to 
throw an air of plausibility over tlie most improbable 
parts of his theory, and deemed to be proceeding in the 
most sober manner, and by the aid of mathematical 
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demonstration, to the establishment of his various 
propositions. Locke pronounced a panegyric on his 
theory, commending him for having explained so many 
wonderful and before inexplicable things. His book, 
as well as Burnet's, was attacked and rel\ited by 
Keill." Like all who introduced purely hypothetical 
causes to account for natural phenomena, Whiston 
retarded the progress of truth, diverting men ftom the 
investigation of the laws of sublunary nature, and in- 
ducing them to waste time in speculations on the 
power of comets to drag the waters of the ocean over 
the land— on the condensation of the vapours of their 
tails into water, and other matters equally edifying. 

Hnfckimon, 172-1.- — John Hutchinson, who had 
been employed by Woodward in making his collection 
of fossils, published aA^rwards, in 1724', the first part 
of his " Moses's Principia," wherein he ridiculed 
Woodward's hypothesis. He and his numerous fol- 
lowers were accustomed to declaim loudly against 
human learning; and they maintained that the Hebrew 
scriptures, when rightly translated, comprised a perfect 
system of natural philosophy, for which reason they 
objected to the Newtonian theory of gravitation. 

Celsius. — Andrea Celsius, the Swedish astronomer, 
published about this time his remarks on the gradual 
diminution of the waters in the Baltic, to which I 
shall have occasion to advert more particularly in the 
sequel. 

Scheuckzer, 1708. — In Germany, in the mean time, 
Scheuchzer laboured to prove, in a work entitled " The 
Complaint of the Fishes" (1708), that the earth had 
been remodelled at the deluge. Pluchc also, in 1732, 
wrote to the same effect; while Holbach, in 1753, after 
^^* An EiaminatloD of Dr. Buniet'sTheors,8tc, ^ici-.M^*" 
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considering the various attempts to refer all the ancient 
formations to the Noachian flood, exposed the in- 
adequacy of this cause. 

Italian C^eohgists — Vallisneri. — I return with 
pleasure to the geologists of Italy, who preceded, as 
has heen already shown, the naturalists of other coun- 
tries in their investigations into the ancient history 
of the earth, and who still maintained a decided pre- 
eminence. They refuted and ridiculed the pfaysico- 
theological systems of Burnet, Whiston, and Wood- 
ward*; while Vallisnerif, in his comments on the 
Woodwardian theory, remarked how much the interests 
of religion, as well as those of sound philosophy, had 
suffered by perpetually mixing up the sacred writings 
with questions in physical science. Th^ works of this 
author were rich in original observations. He attempted 
the first general sketch of the marine deposits of Ital j, 
their geographical extent, and most characteristic 
organic remains. In his treatise " On the origin of 
Springs," he explained their dependence on the order 
and often on the dislocations of the strata, and reasoned 
philosophically against the opinions of those who re- 
garded the disordered state of the earth's crust as 
exhibiting signs of the wrath of God for the sins of 
man. He found himself under the necessity of con- 
tending, in his preliminary chapter, against St. Jerome, 
and four other principal interpreters of Scripture, 
besides several professors of divinity, " that springs 

* Ramazzini even asserted, that the ideas of Burnet were mainl/ 
borrowed from a dialogue of one Patrizio; but Brocchi, after read- 
ing that dialogue, assures us, that there was scarcely any other cor- 
respondence between these systems, except that both were equally 
whknsiraL 

f Dei Corpi Marini, Lettere critiche,&c. 1721. 
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did not flow by subterranean siphons and cavities fi-om 
the sea upwards, losing their saltness in the passage," 
for tliia theory had been made to rest on the infallible 
testimony of Holy Writ. 

Allhough reluctant to generalize on the rich materials 
accumulated in his travels, ValHsneri had been so much 
struck with the remarkable continuity of the more 
recent marine utrata, from one end of Italy to the 
other, that he came to the conclusion that the ocean 
formerly extended over the whole earth, and after 
abiding there for a long time, had gradually subsided. 
This opinion, however untenable, was a great step be- 
yond Woodward's dilovian hypothesis, against which 
Vallisneri, and after him all the Tuscan geologists, 
uniformly contended, while it was warmly supported 
by the members of the Institute of Bologna.* 

Among others of that day, Spada, a priest of Grez- 
zana, in 1737. wrote to prove that the petrified marine 
bodies near Verona were not diluviau. f Mattani 
drew a similar inference from the shells. of Volterra 
and other places : while Costantini, on the other hand, 
whose observations on the valley of the Brenta and 
other districts were not without value, undertook to 
vindicate the truth of the deluge, as also to prove that 
Italy had been peopled by the descendants of Japhet.j: 

Maro, 1740, — Lazzaro Moro, in his work (published 
in 17*0) " On the Marine Bodies which are found in 
the Mountains §," attempted to apply the theory of 
earthquake as expounded by Strabo, Pliny, and 
other ancient authors, with whom he was familiar, to 
the geological phenomena described by Vallisneri. |[ 

• Brocchi, p. 2S. \ Ibid. p. 33. 1 Ibid. p. 37. 

_ j Soi Cronlacei ed altri Cnrpi Mnrini che >i Irovano Bui Monti. 

^J Moro does not cilt Ihe works of Ilooke and Ray ; and «l- 



60 LAZZARO MORO. CBookt 

His attention was awakened to the elevating power 
of subterranean forces by a remarkable phenomenoa 
which happened in his own time, and which had al^a 
been noticed by Vallisneri in his letters. A new 
island rose in 1707 from a deep part of the sea near 
Santorino in the Mediterranean, during continued 
shocks of an earthquake, and, increasing rapidly in 
size, grew in less than a month to be half a mile in 
circumference, and about twenty-five feet above hig^« 
water mark. It was soon afterwards covered by toU 
canic ejections, but, when first examined, it was found 
to be a white rock, bearing on its surface living oysters 
and Crustacea. In order to ridicule the various theorie* 
then in vogue, Moro ingeniously supposes the arrival 
on this new island of a party of naturalists ignorant of 
its recent origin. One immediately points to the 
marine shells, as proofs of the universal deluge ; another 
argues that they demonstrate the former residence of 
the sea upon the mountains ; a third dismisses them 
as mere qxirts of nature; while a fourth affirms, that 
they were born and nourished within the rock in 
ancient caverns, into which salt water had been raised 
in the shape of vapour by the action of subterranean 
heat. 

Moro pointed with great judgment to ihefttuUs and 
dislocations of the strata described by VaUisneri, in 
the Alps and lOther chains, in confirnaation of his 
doctrine, that the continents had been h^ved up by 



though so many of his views were in accordance with their% 1m 
was probably ignorant of their writings, for they had not been 
translated. As he always refers to the Latin edition of BnmeCy 
and a French translation of Woodward, we may presume that ke 
did not read English. 
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subterranean movements. He objected, on solid 
grounds, to the hypotheses of Buniel and of Wood- 
ward ; yet he ventured so far to disregard the protest 
of Vallisneri, as lo undertake the adaptation of every 
part of his own system to the Mosaic account of the 
creation. On the third day, he said, the globe was 
every where covered to the same depth by fresh water; 
and when it pleased the Supreme Being that the dry 
land should appear, volcanic explosions broke up tlie 
smooth and regular surface of the earth composeii of 
primary rocks. These rose in mountain masses above 
the waves, and allowed melted metals and salts to 
ascend through fissures. The sea gradually acquired 
its saltness from volcanic exhalations, and, while it 
became more circumscribed in area, increased in 
depth. Sand and ashes ejected by volcanos were 
regularly disposed along the bottom of the ocean, and 
formed the secondary strata, which in their turn were 
lifted up by earthquakes. We need not follow this 
author in tracing the progress of the creation of vege- 
tables and animals on the other days of creation ; but, 
upon the whole, it may be remarked, that few of the 
old cosmological theories had heen conceived with so 
little violation of known analogies. 

GetiereUi's illastrations of Mora, 1749 The style 

of Moro was extremely prolix, and, like Hutton, who, 
at a later perio*!, advanced many of the same views, he 
stood in need of an illustrator. The Scotch geologist 
was hardly more fortunate in the advocacy of Playfair, 
than was Moro in numbering amongst his admirers 
Cirillo Generelli, who, nine years afterwards, delivered 
at a sitting of Academicians at Cremona a spirited ex- 
position of his theory. This learned Carmelitan friar 
does not pretend to have been na ori^nal observer, 
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but he had studied sufficientlj to enable him to ocmfiftti 
the opinions of Moro by arguments from othet writers; 
and his selection of the doctrihes then best efstablished 
is so judicious, that a brief abstract a£ thetii cannot 
fail to be acceptable, as illustrating the state of geology 
in Europe, and in Italy in particular, before the middle 
of the last century. 

The bowels of the ' earth, says he, hare carefullj 
preserved the memorials of past events, aoid this truth 
the marine productions so frequent in the hills attest 
From the reflections of Lazzaro Moro, we may assure 
ourselves that these are the effects of earthqn^es in 
past times, which have changed vast spaces of sea into 
terra firma, and inhabited lands into seas. In this^ 
more than in any other department of physics^ are^ 
observations and experiments indispensable, and we 
must diligently consider facts. The land is known^ 
wherever we make excavations, to be composed of 
different strata or soils placed one above the dther, 
some of sand, some of rock, some of chalk, others of 
marl, coal, pumice, gypsum, lime, and the rest. These 
ingredients are sometimes pure, and sometimes con- 
fusedly intermixed. Within are oflen imprisoned 
different marine fishes, like dried mummies, and more 
frequently shells, Crustacea, corals, plants. Sic. not 
only in Italy, but in France, Germany, England, AfMca^ 
Asia, and America ;-«^ sometimes in the lowest, somch 
times in the lofliest beds of the earth, some upon the 
mountains, some in deep mines, others near the 86i^ 
and others hundreds of miles distant from it. Wood- 
ward conjectured that these marine bodies might 
be found every where ; but there are rocks in which 
none of them occur, as is sufficiently attested hf 
VallisBeri and MarstllL The remains of fossil a»i- 
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tnals consist chiefly of their more solid parts, and 
the most rocky strata muat have been soft when 
»uch exuvise were inclosed in ihem. Vegetable pro- 
ductions are found in ditferetit states of maturity, in- 
dicating that they were imbedded in different seasons. 
Elephants, elks, and other terrestrial quadrupeds, have 
been found in England and elsewhere, in superficial 
Strata, never covered by the sea. Alternations are 
rare, yet not without example, of marine strata, and 
those which contain marshy and terrestrial productions. 
Marine animals are arranged in the subterraneous beds 
with admirable order, in distinct groups, oysters here, 
dentalia or corals there, &c. as now, according to 
Marsilli*, on the shores of the Adriatic. We must 
abandon the doctrine, once so popular, which denies 
that organized fossils were derived from living beings, 
and we cannot account fbr their present position by the 
ancient theory of Stralo, nor by that of Leibnitz, nor 
by the universal delitge, as explained by Woodward 
ajid others : " nor is it reasonable to call the Deity 
capriciously upon the stage, and to make him work 
miracles for the sake of confirming our preconceived 
hypotheses." — " I hold in utter abomination, most 
learned Academicians 1 those systems which are built 
with their foundations in the air, and cannot be propped 
up withoul a miracle; and I undertake, with the as- 
sistance of Moro, to explain to you, how these marine 
animals were transported into the mountains by natural 

CaUMB."f 

* Slggio Mto inu>rno sUa Statta di) Mare, pait i. p. 34. 

f " Abbomina il sonimo qualuvoglia aiitoina, the sja di pianta 
ralibricato in ariaj masaJniG quanda e tale, ciie non passa sOBte- 
neni seitia un miraCDlo," Ac - - Dc* CraBtscei e di alCre Frodui. 
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A brief abstract then follows of Moro's theory, bj 
which, says Generelli, we may explain all the phe- 
nomena, as Vallisneri so ardently desired, *^ wUkmH 
violence^ wMaut firtUmSt without hypotheges^ wMtmi 
miraclesr* The Carmelitan then proceeds to struggle 
against an obvious objection to Moro's system, consi- 
dered as a method of explaining the revolutions of tihe 
earth, naturaUy, If earthquakes hava been the agents 
of such mighty changes, how does it happen that their 
effects since the times of history have been so inGon* 
siderable ? This same difficulty had, as we have seen, 
presented itself to Hooke, half a century before, and 
forced him to resort to a former << crisis of nature :^ 
but Generelli defended his position by shewing^ how 
numerous were the accounts of eruptions and earth* 
quakes, of new islands, and of elevations and sub- 
sidences of land, and yet how much greater a number 
of like events must have been unattested and unre- 
corded during the last six thousand years. He also 
appealed to Vallisneri as an authority to prove that 
the mineral masses containing shells bore, upon the 
whole, but a small proportion to those rocks whidi 
were destitute of organic remains ; and the latter, says 
the learned monk, might have been created as they 
now exist, in the beginning. 

Generelli then describes the continual waste of 
mountains and continents, by the action of rivers and 
torrents, and concludes with these eloquent and original 
observations: — << Is it possible that this waste should 
have continued for six thousand, and/ierAa/wa greater 
number of years, and that the mountains should re- 
main so gi*eat, unless their ruins have been repaired ? 

* " Senza violenze, senza finsioni, senza supposd, sensa iiiii»> 
ooli.** De* Crostacei e di altre Produz. del Mare, &c. 1749. 
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Is it credible that the Author of Nature should have 
founded the world upon such laws, as that the dry 
land should for ever be growing smaller, and at last 
become wholly eubmerged beneath the waters? Is it 
credible that, amid so many created things, the moun- 
tains alone should daily diminish in number and bulk, 
without there being any repair of their losses ? This 
would be contrary to that order of Providence which 
is seen to reign in all other things in the universe. 
Wherefore I deem it just to conclude, that the same 
cause which, in the beginning of time, raised moun- 
tains from the abyss, has down to the present day, con> 
tinued to produce others, in order to restore from time 
to time the losses of all such as sink down in different 
places, or are rent asunder, or in other way suffer dis- 
integration. If this be admitted, we can easily under- 
stand why there should now be found upon many 
mountains so great a number of Crustacea and other 
marine animals." 

In the above extract I have not merely enumerated 
the opinions and facts which are confirmed by recent 
observation, suppressing all that has since proved to 
be erroneous, but have given a faithful abridgment 
of the entire treatise, with the omission only of 
Moro's hypothesis, which Generelli adopted, with 
all its faults and excellencies. The reader will there- 
fore remark, that although this admirable essay em- 
braces so large a portion of the principal objects 
of geological research, it makes no allusion to the 
extinction of certain classes of animals ; and it is 
evident that no opinions on this head had, at that 
time, gained a firm footing in Italy. That Lister and 
other English naturalists should long before have de- 
clared in favour of tlie loss of species, while Scilla and 
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most of his countrymen hesitated, was perhaps natural^ 
since the Italian museums were filled with fossil sheDs 
belonging to species of which a great portion did act* 
ually exist in the Mediterranean ; whereas the En^ish 
collectors could obtain no recent species from such (rf 
their own strata as were then explored. 

The weakest point in Moro's system consisted in 
deriving aUthe stratified rocks from volcanic ejections; 
an absurdity which bis opponents too^ care to expose^ 
especially Vito Amici.* Moro seems to hare been 
misled by his anxious desire to represent the form- 
ation of secondary rocks as having occupied an eX' 
tremely short period, while at the same time he wished 
to employ known agents in nature. To imagine torrenti, 
rivers, currents, partial floods, and all the operationi 
of moving water, to have gone on exerting an energy 
many thousand times greater than at present, woidd 
have appeared preposterous and incredible, and ulrould 
have required a hundred violent hypotheses ; but we are 
so unacquainted with the true sources of subterranean 
disturbances, that their former violence may in theory 
be multiplied indefinitely, without its being possible to 
prove the same manifest contradiction or absurdity 
in the conjecture. For this reason, perhaps, Moro 
preferred to derive the materials of the strata from 
volcanic ejections, rather than from transportation by 
running water. 

MarsiUu — Marsilli, whose work is alluded to by 
Generelli, had been prompted to institute inquiries 
into the bed of the Adriatic, by discovering, in the ter- 
ritory of Parma, (what Spada had observed near Verona, 
and Schiavo in Sicily,) that fossil shells were not scftt- 

* Sui Testacei della Sicilia. 



lered llirough the rocks at random, but disposed in 
rc^lar order, according to certain genera and species. 

Vitaliano Danati, 1750. — But with a view of throw- 
ing furtlier light upon these questions, Donati, in 1750, 
uiidertuok a more extensive investigation of the Adri- 
atic, and discovered, by numerous soundings, that de* 
posits of sand, marl, and tufaceous incrustations, most 
strictly analogous to those of the Subapennine hill», 
were in the act of accumulating there. He ascertained 
that there were no shells in some of the submarine tracts, 
while in other places they lived together in families, 
particularly the genera Area, Pecten, Venus, Mures, 
and some others. He aUo states that in divers locali- 
ties be found a mass composed of corals, shells, and 
crustaceous bodies of different species, confusedly 
blended with earth, sand, and gravel. At the depth 
of a fool or more, the organic substances were entirely 
petriRed and reduced to marble ; at less than a foot 
from the surface, they approached nearer to their na- 
tural state ; while at the surface they were alive, or if 
dead, in a good state of preservation. 

BaldassuTi. — A contemporary naturalist, Baldassari, 
had shewn that the organic remains in the tertiary 
marls of the Siennese territory were grouped in families, 
in a manner precisely similar to that above alluded to 
by Don at i. 

Bvffoti, I7+9.— Buffon first made known hia theo- 
retical views concerning the former changes of the 
earth, in his Natural History, published in 1749. He 
adopted the theory of an original volcanic nucleus, 
together with the universal ocean of Leibnitz. By this 
aqueous envelope the highest mountains were once 
covered. Marine currents then acted violently, and 
formed horizontal strata, by washing away solid matter 



68 BUFFON. 

in some parts, and depositing it in others ; they also 
excavated deep submarine valleys. The level of die 
ocean was then depressed by the entrance of a part of 
its waters into subterranean caverns, and thus some 
land was lefl dry. Bufibn seems not to have profited^ 
like Leibnitz and Moro, by the observations of Steno^ 
or he could not have imagined that the strata were 
generally horizontal, and that those which contain 
organic remains had never been disturbed since the en 
of their formation. He was conscious of the great 
power annually exerted by rivers and marine currents 
in transporting earthy materials to lower levels^ and he 
even contemplated the period when they would destroy 
all the present continents. Although in geology he 
was not an original observer, his genius enabled him to 
render his hypothesis attractive ; and by the eloquence 
of his style, and the boldness of his speculations, he 
awakened curiosity, and provoked a spirit of inquiiy 
amongst his countrymen. 

Soon afler the publication of his " Natural History,^ 
in which was included his << Theory of the Earth/' he 
received an official letter (dated January, 1751) from 
the Sorbonne, or Faculty of Theology in Paris, inform- 
ing him that fourteen propositions in his works '^ were 
reprehensible, and contrary to the creed of the church" 
The first of these obnoxious passages, and the only one 
relating to geology, was as follows : — " The waters of 
the sea have produced the mountains and valleys of 
the land — the waters of the heavens, reducing all to a 
level, will at last deliver the whole land over to the sea» 
and the sea, successively prevailing over the land, will 
leave dry new continents like those which we inhabit*" 
Bufibn was invited by the College, in very courteous 
terms, to send in an explanation, or rather a recantation, 
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of his unorthodox opinions. To this he submitted ; 
and a general assembly of the Faculty having approved 
of his " Declaration," he was required to pubhah it in 
his nest work. The document begins with these 
words; — " I declare that I had no intention to contra- 
dict the text of Scripture ; that I believe most firmly 
all therein related about the creation, both as to order 
of time and matter of fact; and I abandon evertf lAing 
in my book respecting the formation of the earth, and, 
generally^ all which may be contrary to the narration 
of Moses." • 

The grand principle which Budbn was called upon 
to renounce was simply this, — " that the present 
mountains and valleys of the earth are due to secondary 
causes, and that the same causes will in time destroy 
all the continents, hills, and valleys, and reproduce 
others like them," Now, whatever may be the defects 
of many of his views, it is no longer controverted that 
the present continents are of secondary origin. The 
doctrine is as firmly established as the earth's rotation 
on its axis; and that the land now elevated above the 
level of the sea will not endure for ever, is an opinion 
which gains ground daily, in proportion as we enlarge 
our experience of the changes now in progress. 

Targioni, 1751. — Targioni, in his voluminous 
" Travels in Tuscany, 1751 and 1754'," laboured to fill 
up the sketch of the geology of that region left by 
Steno sixty years before. Notwithstanding a want of 
arrangement and condensation in his memoirs, they 
cont^ned a rich store of faithful observations. He has 
not indulged in many general views, but in regard to 
the origin of valleys, he was opposed to the theory of 
Bufon, who attributed them principally to submarue 

Hiu. Nat. torn. i. H. de I'lmp. Royale, Paris, 1769. 
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currents. The Tuscan naturalist laboured to shew 
that both the larger and smaller valleys of the Apen- 
nines were excavated by rivers and floods, caused by 
the bursting of the barriers of lakes, after the retreat 
of the ocean. He also maintained that the elepfaanli 
and other quadrupeds, so frequent in the lacustrine 
and alluvial deposits of Italy, had inhabited that 
peninsula; and had not been transported thither, as 
some bad conceived, by Hannibal or the Romans, ner 
by what they were pleased to term << a catastrophe ef 
nature." 

Lehman^ 1756. — In the year 1756 the treatise of 
Lehman, a German mineralogist, and director of the 
Prussian mines, appeared, who also divided mountaini 
into three classes: the first, those formed with the 
world, and prior to the creation of animals, and which 
contained no fragments of other rocks; the seccmd 
class, those which resulted from the partial destnie- 
tion of the primary rocks by a general revolutiou ; and 
a third class, resulting from local revolutions, and in 
part from the Noachian deluge.* 

A French translation of this work appeared in 1759^ 
in the preface of which the translator displays ^eiy 
enlightened views respecting the operations of earth* 
quakes, as well as of the aqueous causes. 

Gesner^ 1758. — In this year Gesner, the botanist, of 
Zurich, published an excellent treatise on petrifiie- 
tions, and the changes of the earth which they testify, f 
After a detailed enumeration of the various olaaaes ef 
fossils of the animal and vegetable kingdoms, and ve* 
marks on the different states in which they are feund 
petrified, he considers the geological phenomena con- 

* Essai d'une Hist. Nat. des Couches de la Terre, 17591 
f John Gasnor published at I^den, in Latin. 
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nected with them ; observnig, that some, like those of 
Q^ningen, resembled the teEtaceo, fish, and plants 
indigenous in the neighbouring region •; while some, 
Buch as ammonites, grjiphices, belemnites, aad other 
shells, are either of unknown speeies, or found only 
in the Indian and other distant seas. In order to 
elucidate the structure of the earth, he gives sections, 
from Verenius, Buffon, and others, obtained in digging 
wells; distinguishes between horizontal and inclined 
strata ; and, in speculating on the causes of these 
appearances, mentions Douati's examination of the bed 
of the Adriatic ; the filling up of lakes and seas by 
sediment; the imbedding of shells, now in progress; and 
many known effects of earthquakes, such as the sink- 
ing down of districts, or the heaving up of the bed of 
the sea, so as to form new islands and lay dry strata 
containing petrifactions. The ocean, he says, deserts 
its sliores in many ooustries, as on the borders of the 
Baltic ; but the rate of recession has been so slow in 
the last 2000 years, that to allow the Apennines, whose 
summits ari! filled with marine shells, to emerge to 
their present height, would have required about 80,000 
years, — a lapse ortime ten times greater, or more, than 
the age of the universe. We must therefore refer the 
phenomenon to the command of the Deity, related by 
Moses, that " the waters should be gathered together in 
one place, and the dry land appear." Gesner adopted 
the views of Leibnitz, to account for the retreat of the 
primeval ocean : his essay displays much erudition ; 
and the opinions of preceding writers of Italy, Germany, 
and England are commented upon with fairness and 
discrimination. 

Arduino, 1759. — In the year following, Arduino t, in 

■ Pmii. cbap. 3. t GiarnaledBl Cuulim, lTi9. 
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his memoirs on the mountains of Padua, Vicensaf and 
Verona, deduced, from original observations, the dis- 
tinction of rocks int9 primary, secondary, and tertiary, 
and shewed that in those districts there had beent 
succession of submarine volcanic eruptions. 

Michetty 1760.— In the following year (1760) die 
Rev. John Michell, Woodwardian Professor of Miner- 
alogy at Cambridge, published, in the PhiloBophifcal 
Transactions, an Essay on the Cause and Phenomeni 
of Earthquakes.* His attention had been drawn to 
this subject by the great earthquake of Lisbon in 1755i 
He advanced many original and philosophical viewi 
respecting the propagation of subterranean movementiy 
and the caverns and fissures wherein steam miglil 
be generated. In order to point out the appltcatiai 
of his theory to the structure of the globe, he was led 
to describe the arrangement and disturbance of the 
strata, their usual horizontality in low countries^ and 
their contortions and fractured state in the neighbour 
hood of mountain chains. He also explained, vnth j 
surprising accuracy, the relations of the central ridgei | 
of older rocks to the '^ long narrow slips of similar 
earths, stones, and minerals," which are parallel to 
these ridges. In his generalizations, derived in great 
part from his own observations on the geological 

* See a Sketch of the History of English Geology, by I>r. VlUoa, 
in Edinb. Rev. Feb. 1818, re^dited Lond. and Edinb. Phil. M^. 
vol. L and ii. 1832-33. Some of MichelPs Obflenratioiis 
pate in so remarkable a manner the theories establiihed forty 
afterwards, that his writings would probably have formed an en 
in the science, if his researches had been uninterrupted. He bdd, 
however, his professorship only eight years, when he succeeded to 
a benefice, and from that time he appears to have entirriy 
tinued his scientific pursuits. 
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Structure of Yorkshire, he anticipated many of the 
views more fully developed by later naturalistB. 

Calcott, 1761. — Michell's papers were eutirely free 
from all physico-theological disquisitions, but some of 
his contemporaries were still earnestly engaged m 
defending or impugning the Woodwardian hypotheeis. 
We find many of tliese writings referred to by Catcott, 
an Hutcliinsonian, who published a " Treatise on the 
Deluge" in 1761. He laboured particularly to refute 
an explanation offered by bis contemporary, Bishop 
Clayton, of the Mosaic writings. That prelate had 
declared that the deluge " could not be literally true, 
save in respect to that part where Noah lived before 
the flood." Catcott insisted on the universality of the 
deluge, and referred to traditions of inuodations men- 
tioned by ancient writers, or by travellers in the East 
Indies, China, South America, and otlier countries. 
This part of his book is valuable, although it is not 
easy to sec what bearing the traditions have, if admit- 
ted to he authentic, on the Bishop's argument; since 
no evidence is adduced to prove that the catastrophes 
were contemporaneous events, while some of them are 
expressly represented by ancient authors to have oc- 
curred in succession. 

FoTtis — Odoardi, 1761. — The doctrines of Arduino, 
above adverted to, were afterwards confirmed by 
Fortis and Desmarest, in their travels in the same 
country ; and they, as well as Baldassari, laboured to 
complete the history of the Subapennine strata. In 
the work of Odoardi *, there was also a clear argument 
in favour of the distinct ages of the older Apennine 
strata, and the Subapennine tbrmations of more recent 

• Sui Carpi Marini del Feltrino, 1751. 
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origin. He pointed out that the strata of these two 
groups were tmeof^ormabley and must have been lihe 
deposits of different seas at distant periods of time. 

Baspcy 1763. --- A history of the new islands by 
Raspe, an Hanoverian, appeared in I76S9 in Liatiiu* 
In this work, all the authentic accounts of earthqudon 
which had produced permanent changes cm the 8ol9 
parts of the earth were collected together And ex- 
amined with judicious criticism. The best ByBtetas 
which had been proposed concerning the <anei«it 
history of the globe, both by ancient and mddeni 
writers, are reviewed; and the merits and defboti 
of the doctrines of Heoke, Ray, Moro, Buffony lani 
others, fairly estimated. Great admiration is expvesMl 
for the hypothesis of Hooke, and his explanaiiali 
of the origin of the strata is shown to hare teil 
more correct than Moro's, while their theory of 'Ae 
effects of earthjquakes "was the same. Raspe ' had : M( 
seen MichelVs memoir, and his views concerning the 
geological structure of the earth were ^ perhaps ItH 
enlarged; yet he was Me to add many additionri 
arguments in favour of Hooke's theory, and' to renchr 
it, as he said, a nearer approach to what 'Hooteewoidi 
have written had he lived in later times. As toilB 
periods wherein all the earthquakes happened, tdnsHudi 
we owe the elevationof various parts of ourcontinedft 
and islands, Raipe says he pretends not to assign idneir 
duration, still less to defend Hooke's Suggestion, itiMl 
the convulsions 'Sdmost all took place during the deky 
of Noah. He adverts to the apparent indicotions^ltf 
the former tropical heat of the' climate 6f Europe, and 

* De Novis e Mari Natis Insults. Raspe -was also the ediftv 
of the " Philosophical Works of Leibnitz. Amst. et Leipo^ 
1765;" also author of « Tassie's Gems," and « Baron MuB- 
c/iausen's Travels." 
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the changes in the species of animals and plaots, as 
unong tlie moEt obscure and difficult problems in geo- 
logy, la regard to the islands raised from the sea, 
within the times of history or tradition, he declares 
that some of them were composed of strata containing 
organic remains, and that they were not, as Buil'on 
had asserted, made of mere volcanic matter. His 
work concludes with an eloquent exhortation to na- 
tm^lists to examine the isles which rose, in 1707, in 
the Grecian Archipelago, and, in 1720, in the Azores, 
and not to neglect such splendid opportunities of stu- 
dying nature " in the act of parturition." That Hooke's 
writings should have been neglected for more than 
half a century, was matter of astonishment toKaspei 
but it is still more wonderful that his own luminous 
exposition of that theory should, for more than an- 
other half century, have excited so little interest. 

Fuclisel, 1762 and 1773. — Fuchael, a German phy- 
sician, published, in 1762, a geological description of 
the country between the Thiuringerwald and the Hartz, 
and a memoir on the environs of Rudeistadt"; and 
afterwards, in 1773, a theoretical work on the ancient 
history of Uie earth and of man.f He had evidently 
advanced considerably beyond his predecessor Lehman, 
and was aware of the distinctness, both as to position 
aad fossil contents, of several groups of strata of dif- 
ferent ages, corresponding to the secondary formations 
DOW recognized by geologists in various parts ol' Ger- 
many. He supposed the European continents to 
have remained covered by the sea until the formation 

lia: Elecluralii Maguntinie, vul. ii. Erriirt. 

of Fuclisel is derived from nn cxculleiit aimlysii 

b-j M. Keferstaia. Joura. de GMogK, lorn. ii. 
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of the marine strata called in Germany ^^ muschel- 
kalk/' at the same time that the terrestrial plants of 
many European deposits attested the existence of dry 
land which bordered the ancient sea; land which, 
therefore, must have occupied the place of the present 
ocean. This pre-existing continent had been grcuhuiify 
swallowed up by the sea^ different parts having sub- 
sided in succession into subterranean caverns. All the 
sedimentary strata were originally horizontal^ and their 
present state of derangement must be referred to sub- 
sequent oscillations of the ground. 

As there were plants and animals in the ancieDt 
periods, so also there must have been men, but they 
did not all descend from one pair, but were created at 
various points on the earth's surface ; and the number 
of these distinct birth-places was as great as are the 
original languages of nations. 

In the writings of Fuchsel we see a strong desire 
manifested to explain geological phenomena as &r as 
possible by reference to the agency of known causes; 
and although some of his speculations were fanciful, 
his views coincide much more nearly with those now 
generally adopted, than the theories afterwards pn^ 
mulgated by Werner and his followers. 

Brander, 1766. — Gustavus Brander published, in 
1766, his '< Fossilia Hantoniensia,'' containing excellent 
figures of fossil shells firom the more modem marine 
strata of our island. '^ Various opinions," he says in 
the preface, '^ had been entertained concerning the 
time when and how these bodies became deposited. 
Some there are, who conceive that it might have been 
effected in a wonderful length of time by a gradual 
changing and shifting of the sea," &c. But the most 
common cause assigned \s tViaV. o^ " t\\^ deluge." This 
conjecture, he says, even iftYve uiivsfet^'sXvX^ q>^ ^^^^ex:^ 
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be not called in question, is purely hypothetical. In 
bis opinion, fossil animals and testacea were, for the most 
put, of unknown species ; and of such as were known, 
tbe living analogues now belonged to southern latitudes. 

Soldani, 1780. — Soldani applied successfully his 
knowledge of zoology to illustrate the history of stra- 
tified masses. He explained that microscopic testacea 
and zoophytes inhabited the depths of the Mediterra- 
nean ; and that the fossil species were, in like manner, 
found in those deposits wherein the fineness of their 
particles, and the absence of pebbles, Implied that they 
were accumulated in a deep sea, or far from shore. 
This author first remarked the alternation of marine 
and fresh'water strata in the Paris basin.* 

Fortis — Testa, 1793. — A lively controversy arose 
between Fortis and another Italian naturalist, Testa, 
concerning tlie fish of Monte Boica, in 1793. Their 
letters^, written with great spirit and elegance, show 
that they were aware that a large proportion of the 
Subapennine shells were identical with living species, 
and some of them with species now living in the 
torrid zone. Fortis proposed a somewhat fanciful con- 
jecture, that wlien the volcanos of the Vicentin were 
burning, the waters of the Adriatic had a higher 
temperature ; and in this manner, he said, the shells 
of warmer regions may once have peopled their own 
seas. But Testa was disposed to think that these 
species of testacea were still common to their own and 
to equinoctial seas : for many, he said, once supposed 
to be confined to hotter regions, had been afterwards 
discovered in the Mediterranean. X 

" Saggio orittografito, Src. 1780, and Other Works. 
+ Letl. ™i Peaci FoB«li di Bolea. MiUn, 1793. 
j Thia argumenl of Tesla luis beiMi stti-ngiiisaoA oi\a\eiBaM."&i 
E 3 
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Corded — Spallcmssani-^ WaUerius — WkkekursL--^ 
While these Italian naturalists, together with C<»t6si 
and Spallansani, were busily engaged in pointing out 
the analogy between the deposits of modern an^ 
ancient seas, and the habits and arrangement of their 
organic inhabitaiits, and while some progress wa» 
Boaking, in the same country, in investigating- die 
ancient and modern volcanic rocks, some of the most 
original observers among the English and German 
writers, Whitehurst* and WaUerius, were wasting 
their strength in contending, according to tlie <dd 
Woodwardian h3rpothesi8, that all the strata wets 
formed by the Noachian deluge. But Whitefaunlfs 
description of the rocks of Derbyshire was most fiutii* 
ful ; and he atoned for false theoretical views, bj pro- 
viding data for their refutation. 

Pallas — Saussure, — Towards the cLoae of tiie 
eighteenth century, the idea of distinguishing Ae 
mineral masses on our globe into separate groups, and 
studying their relations, began to be generally diffused. 
Pallas and Saussure were among the most celebratsd 
whose labours contributed to this end. Afler an at* 
tentive examination of the two great mountain dbaini 

the discovery, that dealers in shells had long been in the habit of 
selling Mediterranean species as shells of more southern and dis- 
tant latitudes, for the sake of enhancing their price. It appeal^ 
moreover, from several hundred experiments made bj that «y«L 
tinguisbed hydrographer, Captain Smyth, on the water within ti^A 
fathoms of the surface, that the temperature of the Mediterranean 
is on an average 3 J° of Fahrenheit higher than the western part of 
the Atlantic ocean ; an important fact, which in some degree may 
help to explain why many species are common to tropical latitudes 
and to the Mediterranean. 

* Inquiry into the Original State and Formation of the £arth. 
1778. 



of Siberia, Pallas announced the result, that the gra- 
nitic rocks were in the oiiddle, the schiBtose at their 
sides, and the limestoneB again on the outside of these; 
and this he conceived would prove a general law in the 
formatioD of all chains composed chiefljf of primary 

In his ''Travels in RuBsia," in 1793 and 179*, he 
made many geological obBervations on the recent strata 
near the Wolga and tlie Caspian, and adduced proofs 
of the greater extent of the latter sea at no diBtantera 
IB the earth's history. His memoir on the foesil 
bones of Siberia attracted attention to some of the 
most remarkable phenomena in geology. He steted 
that he had found a rhinoceros entire in the frozen 
soil, with its skin and flesh: an elephant, found, after- 
wards in a. mass of ice on the shore of the North sea, 
removed all doubt as to the accuracy of so wonderful 
a discovery.-(- 

Tlie subjects relating to natural history which en- 
gaged the attention of Pallaa were too multifarious to 
admit of his devoting a large share of his labours ex- 
clusively to geology. Saussure, on the other hand, 
employed the chief portion of his time in studying 
the structure of the Alps and Jura, and he provided 
valuable data for tliose who followed him. He did not 
pretend to deduce any general system from his nume- 
rous and interesting observations ; and the few theo- 
retical opinions which escaped from him, seem, like 
those of Pallas, to have been chiefly derived from the 
cosmological speculations of preceding writers. 

* Obsetv. on the FonnatioD of JtloaiiUuia. Act. Fctrop, ann. 
1778, pmf L 
f Nov. coaun. Petr. XTIL Cu^fl^ EOo^ de FsUw. 
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CHAPTER IV. 

HISTORY OF THE PROGRESS OP GEOLOGY COnUmied. 

Werner's Application of Geology to the Art of Mining— > }EIxciir- 
siye Character of his Lectures — Enthusiam of his Pupils — 
His Authority — His theoretical Errors — Desmarest's Mi^aad 
Description of Auvergne (p. 85.) — ControTersy between tiie 
Vulcanists and Neptunists — Intemperance of the rival Sects 
— Hutton*s Theory of the Earth — His Discovery of Gnuute 
Veins (p. 90.) — Originality of his Views — Why oppcMed-- 
Flay£ur*s Illustrations — Influence of Voltaire's Writings oa 
Geology (p. 95. ) — Imputations cast on the Huttonians by 
Williams, Kirwan, and De Luc — Smith's Map of Sngland 
(p. 101.) — Geological Society of London-— Prepress of ti» 
Science in France — Growing Importance of the Study of 
Organic Remains. 

Werner. — The art of mining has long been taught in 
France,Germany, and Hungary, in scientific institutions 
established for that purpose, where mineralogy has 
always been a principal branch of instruction. • 

Werner was named, in 1775, professor of that science 
in the " School of Mines," at Freyberg, in Saxony. He 
directed his attention not merely to the composition 
and external characters of minerals, but also to what 
be termed " geognosy," or the natural position of 

* Our miners have been left to themselves, almost without the 
assistance of scientific works in the English language, and without 
any *< school of mines,** to blunder their own way into a csertain 
degree of practical skill. The inconvenience of this want of sy». 
tem in a country where so much capital is expended, and often 
wasted, in mining adventures, has been well exposed by aa emi- 
nent practical miner. — See « Prospectus of a School of Mines in 
Cornwall, by J. Taylor, 1825.** 
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minerals in particular rocks, together with the grouping 
of those rocka, their get^aphical distribution, and 
various relationB. The phecomena observed in the 
structure of the globe had hitherto served for little 
else than to furnish interesting topics for philosophical 
discussion : but when Werner pointed out their appli- 
cation to tlie practical purposes of mining, they were 
instantly regarded by a large class of men as an essen- 
tial part of their professional education, and from that 
time the scienccwas cultivated in Europe more ardently 
and systematically. Werner's mind was at once imagin- 
ative and richly stored with miscellaneous knowledge. 
He associated every thing with his favourite science, 
and in his excursive lectures he pointed out all the 
economical uses of minerals, and their application to 
medicine : the influence of the mineral composition of 
rocks upon the soil, and of the soil upon the resources, 
wealth, and civilization of man. The vast sandy plains 
of Tartary and Africa, he would say, retained their 
inhabitants in the shape of wandering shepherds ; the 
granitic mountains and the low calcareous and alluvial 
plains gave rise to difTcrcnt manners, degrees of wealth 
and intelligence. The history even of languages, and 
the migrations of tribes, had been determined by the 
direction of particular strata. The qualities of certain 
stones used in building would lead him to descant on 
the architecture of different ages and nations ; and the 
physical geography of a country frequently invited him 
to treat of military tactics. The charm of his manners 
and his eloquence kindled enthusiasm in the minds of 
his pupils ; and many, who had intended at first only 
to acquire a slight knowledge of mineralogy, when 
they had once heard him, devoted themselves to it i 

. ,fe the business of their lives. In a few years, a small I 
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school of milieu, before unheard of in Europe) 
raised to the rank of a great university; and men 
already distinguished in science studied the Gremuui 
language, and came from the most distant countrieftto 
hear the great oracle of geology.* 

Werner had a great antipathy to the mechanical 
labour of writing, and he could never be persuaded to 
pen more than a few brief memoirs, and those contain- 
ing no development of his general vievrs. Although 
the natural modesty of his disposition was excessive^ 
approaching even to timidity, he indulged in the most 
bold and sweeping generalizations, and he inspired all 
his scholars with a most implicit faith in his doctrines* 
Their admiration of his genius, and the feelings of gra- 
titude and friendship which they all felt for him, were 
not undeserved ; but the supreme authority usurped 
by him over the opinions of his contemporaries, was 
eventually prejudicial to the progress of the science; so^ 
much so, as greatly to counterbalance the advantages 
which it derived from his exertions. If it be true that 
delivery be the first, second, and third requisite in a po- 
pular orator, it is no less certain that to travel is of first, 
second, and third importance to those who desire to ori- 
ginate just and comprehensive views concerning the 
structure of our globe. Now Werner had not travelled to 
distant countries ; he had merely explored a small por^ 
tion of Germany> and conceived, and persuaded others 
believe, that the whole surface of our planet^ and all 
the mountain dicuns in the world, were made after the 
model of his own province* It became a ruling object 
of ambition in the minds of his pupils to confirm tiie 
generalizations of their great master, and to discover 

* Cttvlet, Eloge de Wenwr. 
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in the most distant parts of the globe his " universal 
formations," which he supposed had been each in suc- 
cessioo simultaneously precipitated over the whole 
earth from a contmon menstruum, or " chaotic fluid." 
It now appears that the Saxon professor had misinter- 
preted many of the most iraportant appearances even in 
the immediate neiglibourhood of Frejberg. Thus, for 
example, within a day's journey of his school, the 
porphyry, called by him primitive, iias been found not 
only to send forth veins or dikes through strata of the 
coal formation, but to overlie them in mass. The 
granite of the Hartz mountains, on the other hand, 
which he supposed to be the nucleus of tlie chain, is 
now well known to traverse and breach the other beds, 
penetrating even into the plain (as near Goslar) ; and 
still nearer Frcyberg, in the Erzgebii^, the mica slate 
docs not mantle round the granite, as was supposed, 
but abuts abruptly against it. I'ragments, also, of the 
greywaclcc slate, containing organic remains, have 
recently been found entangled in the granite of the 
Harta, by M. de Seckendorf.* 

The prlncipalmerit of Werner's system of instruction 
consisted in steadily directing the attention of his 
scholars to the constant relations of superposition of 
certain miaeral groups; but he had been anticipated, 
as has been shown in the last chapter, in the discovery 
of this general law, by several geologists in Italy and 
elsewhere ; and his leading divisions of the secondary 
strata were, at the sanie tinje, and independently, made 
the basis of an arrangement of the British strata by 

" I ain iniltbted fur Uiit inftirinatiun partly to Messrs. Sedgwitt 
and Murchisnn, who liave inTesligst^ (he couiilry, nnd partly to 
Dr. Hutmann of BUnkenburg, the inmilalor of (bis work inlu 
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our countryman, William Smithy to whose work I shall 
presently return. 

Controversy between the VtUcanists and Neptunub. 
— In regard to basalt and other igneous rocks, Wemer^i 
theory was original, but it was also extremely erroneous. 
The basalts of Saxony and Hesse, to which his ob* 
servations were chiefly confined, consisted of tabular 
masses capping the hills, and not connected with the 
levels of existing valleys, like many in Auvergne and 
the Vivarais. These basalts, and all other rocks of 
the same family in other countries, were^ according to 
him, chemical precipitates from water. He denied 
that they were the products of submarine volcanos; 
and even taught that, in the primeval ages of the 
world, there were no volcanos. His theory was op- 
posed, in a twofold sense, to the doctrine of the per- 
manent agency of the same causes in nature ; for not 
only did he introduce, without scruple, many imaginary 
causes supposed to have once effected great revolutions 
in the earth, and then to have become extinct, but 
new ones also were feigned to have come into play in 
modem times ; and, above all, that most violent instru- 
ment of change, the agency of subterranean fire. 

So early as 1768, before Werner had commenced 
his mineralogical studies, Raspe had truly characterized 
the basalts of Hesse as of igneous origin. Arduino, as 
we have already seen, had pointed out numerous 
varieties of trap-rock in the Vicentin as analogous to 
volcanic products, and as distinctly referrible to an- 
cient submarine eruptions. Desmarest, as before 
stated, had, in company with Fortis, examined the 
Vicentin in 1766, and confirmed Arduino's views. In 
1772, Banks, Solander, and Troil compared the co- 
Jumnar basalt of Hecla with that of the Hebrides. 
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CoUini, in 177*, recognized the true nature of the 
igneouB rocks on the Rhine, between Andemach and 
Bonn. In 1775, Guettard visited the Vivarais, and 
established the relation of basaltic currents to lavas. 
Lastly, in 1779,.FaujaB published his description of the 
volcanos of the Vivarais and Velay, and showed how 
the streams of basalt had poured out from craters 
which still remain in a perfect state.* 

Desmarest. — When sound opinions had thus for 
twenty years prevailed in Europe concerning the true 
nature of the ancient trap-rocks, Werner by his simple 
dietum caused a retrograde movement, and not only 
overturned the true theory, but substituted for it one of 
the most unphilosophJcal that can well be imagined. 
The contiimed ascendancy of his dogmas on this 
subject was the more astonishing, because a variety 
of new and striking facts were daily accumulated in 
favour of the correct opinions previously entertained. 
Desmarest, after a careful examination of Auvergne, 
pointed out, first, the most recent volcanos which 
had their craters still entire, and their streams of 
lava conforming to the level of the present river- 
courses. He then showed that there were others of 
an intermediate epoch, whose craters were nearly 
elfaced, and whose lavas were less intimately connected 
with the present valleys; and, lastly, that there were 
volcanic rocks, still more ancient, without any dis- 
cernible craters or scoria;, and bearing the closest 
analogy to rocks in other parts of Europe, the igneous 
origin of which was denied by the school of Freyberg-f 

" CuTier, Eloge de Desmirent. 

j- Joum. de Plifs. vol. xiii. p. 115.; and Mem. de I'lnst., 
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Desmarest's map of AuYergne was a work of udooib* 
xnon merit* He first made a trigonometrical surrcj 
of the district, and delineated its physical geograpby 
with minute accuracy and admirable graphic power. 
He contrived, at the same time, to express, without 
the aid of colours, a vast quantity of geologies! 
detail, the different ages, and sometimes even the 
structure, of the volcanic rocks, distinguishing them 
from the fresh- water and the granitic. Thej alone 
who have carefully studied Auvergne, and traced iSbe 
different lava-streams from their craters to their ter- 
mination, — the various isolated basaltic cappings,-^ 
the relation of some lavas to the present valleys,**- the 
absence of such relations in others,-—^ can appreciate 
the extraordinary fidelity of this elaborate work. No 
other district of equal dimensions in Europe exhitrits^ 
perhaps, so beautiful and varied a series of phenomena; 
and, fortunately, Desmarest possessed at once the 
mathematical knowledge required for the conatructioD 
of a map, skill in mineralc^y, and a power of original 
generalisation. 

Dolomieu — Mmtlosier.-^DoiomieUf another of Wer* 
ner's contemporaries, had found prismatic basalt among 
the ancient lavas of Etna; and, in 1784<, had observed 
the alternations of submarine lavas and calcareous strata 
in the Val di Noto, m Sicily.* In 1790, also, he de> 
scribed similar phenomena in the Vicentin and in the 
TyroLf Montlosier published, in 1788, an essaj od 
the theory of the volcanos of Auvergne, combining 
accurate local observations with comprehensive vieira* 
Notwithstanding this mass of evidence, the scholars of 

^ * Journ. de Phys. torn. xxv. p. 191. 
f lb. torn, zzzyii. part ii. p. 200. 
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Werner were prepared to support hia opinions to their 
utmost extent ; maintaining, in the fulness of their 
iitith, that even obsidian was an aqueous precipitate. 
Aa they were blinded by their veneration for the 
great teacher, they were impatient of opposition, and 
soon imbibed the spirit of a faction ; and their oppo- 
nents, the Vuicanists, were not long in becoming con- 
taminated with the same intemperate zeal. Ridicule 
and irony were weapons more frequently employed 
than argument by the rival sects, till at last the 
controversy was carried on with a degree of bitterness 
almost unprecedented in questions of physical science. 
Desmarest alone, who liad long before provided ample 
materials for refuting such a theory, kept aloof from 
the strife; and whenever a zealous Neptunist wished 
to draw the old man into an argument, he was satisfied 
with replying, " Go and see."* 

Hutton, 1788. — It would be contrary to all analogy, 
in matters of graver import, that a war should rage 
with such fury on the Continent, and that the inhabit- 
ants of our island should not mingle in the aSray. 
Although in England the personal influence of Werner 
was wanting to stimulate men to the defence of the 
weaker side of the question, they contrived to find 
good reason for espousing the Wemerian errors with 
great enthusiasm. In order to explain tlje peculiar ' 
motives which led many to enter, even with party 
feeling, into this contest, it will be necessary to present 
the reader with a sketch of the views unfolded by 
Hutton, a contemporary of the Saxon geologist. Tlie 
former naturalist had been educated as a physician, 
but, declining the practice of medicine, he resolved, 
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when young, to remain content with the smaU inde- 
pendence inherited from his father, and thenceforth to 
give his undivided attention to scientific pursuits. He 
resided at Edinburgh, where he enjoyed the societ]f 
of many men of high attainments, who loved him ftr 
the simplicity of his manners and the sincerity of his 
character. His application was unwearied ; and he 
made frequent tours through different parts of England 
and Scotland, acquiring considerable skill as a mine- 
ralogist, and constantly arriving at grand and com- 
prehensive views in geology. He communicated the 
results of his observations unreservedly, and with the 
fearless spirit of one who was conscious that love of 
truth was the sole stimulus of his exertions. When tt 
length he had matured his views, he published, in 
1788, his « Theory of the Earth •," and the same, 
afterwards more fully developed in a separate work^ in 
1795. This treatise was the first in which geology was 
declared to be in no way concerned about << questions 
as to the origin of things ;*' the first in which an at- ^ 
tempt was made to dispense entirely with all hypo- 
thetical causes, and to explain the former changes of 
the earth's crust by reference exclusively to natural 
agents. Hutton laboured to give fixed principles to 
geology, as Newton had succeeded in doing to astro- 
nomy : but, in the former science, too little progress 
had been made towards furnishing the necessary data, 
to enable any philosopher, however great his geniusi 
to realize so noble a project. 

HutUmmn theory. — " The ruins of an older world," 
said Hutton, " are visible in the present structure rf 
our planet ; and the strata which now compose our 

• Ed. PhU. Trans. 1788. 



HUTTONIAN THEORY. 89 

continents have been once beneath the sea, and were 
formed out of the waste of pre-existing continents. 
\ The same forces are still destroying, by chemical 
I decomposition or mechanical violence, even the hardest 
' rocks, and transporting the materials to the sea, where 
J they are spread out, and form strata analogous to those 
[ of more ancient date. Although loosely deposited 
' along the bottom of the ocean, thej' become afterwards 
' altered and consolidated by volcanic beat, and then 
' heaved up, fractured, and contorted." 
I Although Hutton had never explored any region of 

I active volcanos, he had convinced himself that basalt 
I and many other trap-rocks were of igneous origin, and 
■ that many of them had been injected in a melted state 
I through fissures in the older strata. The compactness 
I of tliese roclfs, and their difierent aspect from that of 
I ordinary lava, he attributed to their having cooled 
I down under the pressure of the sea; and in order to 
I remove the objections started against this theory, his 
t friend, Sir James Hall, instituted a most curious and 
r instructive series of chemical experiments, illustrating 
I the crystalline arrangement and texture assumed by 
I melted matter cooled under high pressure. 

The absence of stratification in granite, and its 
analogy in mineral character to rocks which he deemed 
of igneous origin, led Hutton Co conclude that granite 
also roust have been formed from matter in fusion ; and 
thia inference he felt could not be i'ully confirmed, 
unless he discovered at the contact of granite and 
other strata a repetition of the phenomena exhibited 
so constantly by tJie trap-rocks. Resolved to try his 
theory by this test, he went to the Grampians, and 
surveyed the line of junction of the granite and super- 
incumbent stratified masses, until hefouiwiv[iGVuTto.t 
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m.l785> the most clear and unequivood pnoofii.iii' msj^ 
povt of his views. Veins of red granite ave thens' 86«i 
branching out from the principal maas^ and tanvieraiiig 
the black micaceous schist and- pidraaiy GmefltODfr 
The intersected stcatified rock» are so distiiict m 
colour and appeacance as to render- the e9K:aiiiple k 
that locality most striking^ and die alteradoa oii difr 
limestone in contact wa» very analogous to: that pi»> 
duced by trap ^eins on^ calcareous stratib This rerii- 
cation of his system filled hini) witji dttlight^ and odted 
forth such marks of joy and exultation^ ikat the 
guides who accompanied him^ says: his biographer 
were convinced that he must hanre discoveredi a. 
of silver or goldJ^ He was aware tiiat tfae^ 
tiieory would not explain the odgin. of the 
schists, but these he called primary, re|ectuig thi 
term primitive, and was disposed to consider tiien ai 
sedimentary rocks altered by heat, and that iIhj 
originated in some other form from the waste ef 
previously existing rocks. 

By this important discovery of granite veuiSy to 
which he had been led by fair induction front an inde- 
pendent class of &cts, Hutton prepared the way ftr 
the greatest innnovation on the systems, of his preie- 
cessors. Yallisneri had pointed out the general ftd 
that there were certain fundamental rocka which coa« 
tained no organic remains, and which he suppoaed to 
have been formed before the creation of living heingib 
Moro, Generelli, and other Italian writers^ embraced 
the same doctrine ; and Lehman regarded thsk BQMHh 
taios called by him primitive, as parts of the origindi 
nucleus of the globe. The same tenet was nn article 
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of fahh in the school of Freybei^; Etnd if any one 
ventured to doubt tlie possibility of our being enabled 
to cany back our researches to the creation of the 
present order of things, the granitic rocks were tri- 
umpbantl; appealed to. On them seemed written, in 
legible chacacters, the memorable inscription — 



and no small sensation was excited when Hutton 
seemed, with unhidlowed hand, desirous to erase cha- 
racters already regarded by many as sacred. " In 
the economy of the world," said the Scotch geologietj 
" I can find no traces of a ijeginning, no prospect 
of an end;" a declaration the more startling when 
coupled with the doctrine, that all past changes on the 
globe had been brought about by the slow agency of 
existing causes. The imuginutiitn was first fatigued 
and overpowered by endeavouring to conceive the im- 
mensity of time required for the annihilation of whole 
continents by so insensible a process ; and when the 
thoughts had wandered through these interminable 
periods, no resting place was assigned in the remotest 
distance. The oldest rocks were represented to be of 
a derivative nature, the last of an antecedent series, 
and that perhaps one of many pre-existing worlds. 
Such views of tlie immensity of past time, like those 
unfolded by the Newtonian philosophy in regard to 
space, were too vast to awaken ideas of sublimity un- 
mixed with a painful sense of our incapacity to con- 
ceive a plan of such infinite extent. Worlds are seen 
beyond worlds immeasurably distant from each other, 
and, beyond them all, innumerable other syatema are 
faintly traced on the confines of the ^isMe u»wfc"P 
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The characteristic feature of the Huttonian theory 
was, as before hinted, the exclusion of all causes not 
supposed to belong to the present order of nataret 
But Hutton had made no step beyond Hooke» Moro^ 
and Raspe, in pointing out in what manner the laws 
now governing subterranean movements might bring 
about geological changes, if sufficient time be allowed. 
On the contrary, he seems to have fallen far short of 
some of their views, especially when he refused to 
attribute any part of the external configuration of the 
earth's crust to subsidence. He imagined that tbe 
continents were first gradually destroyed by aqueow 
degradation ; and when their ruins had furnished 
materials for new continents, they were upheaved b]f 
violent convulsions. He therefore required alternate 
periods of general disturbance and repose ; and sudi 
he believed had been, and would for ever be^ the 
course of nature. 

Generelli, in his exposition of Moro's systenii had 
made a far nearer approximation towards reconciling 
geological appearances with the state of nature as 
known to us ; for while he agreed with Hutton, that 
the decay and reproduction of rocks were always in j 
progress, proceeding with the utmost uniformity, the 
learned Carmelite represented the repairs of moun- 
tains by elevation from below to be effected by an 
equally constant and synchronous operation. Neither 
of these theories, considered singly, satisfies all the 
conditions of the great problem, which a geologist, 
who rejects cosmological causes, is called upon to 
solve ; but they probably contain together the germs 
of a perfect system. There can be no doubt, that 
periods of disturbance and repose have followed eadi 
other in succession in every region of the globe ; but it 
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may be equally true, that the energy of the subter- 
ranean movementB has been always uniform as regards 
the whole earth. The force of earthquakes may for a 
cycle of years have been invariably confined, as it is 
now, to large but determinate spaces, and may then 
have gradually shifted its position, so that another 
region, which had for ages been at rest, became in its 
turn the grand theatre of action. 

PlaTifair's iUustralimu of Hiitton. — The explanation 
proposed by Hutton and- by Playfair, the illustrator of 
his theory, respecting the origin of valleys, and of 
alluvial accumulations, was also very imperfect. They 
ascribed none of the inequalities of the earth's surface 
to movements which accompanied the upheaving of 
the land, imagining that valleys in genera] were formed 
in the course of ages, by the rivers now flowing in 
them ; while they seem not to have reflected on the 
excavating and transporting power which the waves of 
the ocean might exert on land during its emergence. 

Although Hutton's knowledge of mineralogy and 
chemistry was considerable, he possessed but little 
information concerning organic remains ; they merely 
served him, as they did Werner, to characterize certain 
strata, and to prove their marine origin. The theory 
of former revolutions in organic life was not yet fully 
recognized; and without this class of proofs in support 
of the antiquity of the globe, the indefinite periods 
demanded by the Huttonian hypothesis appeared 
visionary to many ; and some, who deemed the doctrine 
inconsistent with revealed truths, indulged very un- 
charitable suspicions of the motives of its author. They 
accused him of a deliberate design of reviving the 
heathen dogma of an " eternal succession," and of 
denying that this world ever had a beginning, Playfdr, 
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in the biography of his friend, has the follonring^ comnieHt 
on this part of their theory: — " In the planetaiy 
motions, where geometry has carried the ejre no fiff, 
both into the future and the past, we discover no mnk 
either of the commencement or termination of the 
present order. It is unreasonable, indeed, to suppoie 
that such marks should any where exist. The Author 
of Nature has not given laws to the universe, whidi, 
like the institutions of men, carry in themselves the 
elements of their own destruction. He has not per- 
mitted in His works any symptom of infimcy or of oli 
age, or any sign by which we may estimate either tibcr 
future or their past duration. Hie ma^put an- emd^ask 
no doubt gave a begmning, to the present system^ it 
some determinate period of time; but we may mt 
assured that this great catastrophe will not be broughk 
about 1^ the laws now existing, and that it is not in- 
dicated by any thing which we perceive."* 

The party feeling excited against the HuttODiBD 
doctrines, and the open disregard of candour and 
temper in tlie controversy, will hardly be credited \t] 
the reader, unless he recalls to his recollection tliit 
the mind of the English public was at that time in a | 
state of feverish excitement. A class of 'writers in 
France had been labouring industriously, for many 
years, to diminish the influence of the clergy, bj 
sapping the foundations of the Christian &ith; and 
their success, and the consequences of the Revolution, 
had alarmed the most resolute minds, while the imft- 
gination of the more timid was continuaUy haunted 'bj 
dread of innovation, as by the phantom of some feadSd 
dream. 

• Playfair's"WoikB,NoVAN. ^» 65» 
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Voltaire.~yo\te,ire had used the modeni diecoverks 
in physics as one of the numerouB weapons of attack 
and ridicule directed by him against the Scriptures, 
He found that the most popular systems of geology 
were accommodated to the sacred writings, and that 
much ingenuity had been employed to make every 
fact coincide exactly with the Mosaic account of the 
creation and deluge. It was, therefore, with no 
friendly feelings that he contemplated the cultivators 
of geology in general, regarding the science as one 
which had been successfully enlisted by theologians as 
an ally in their cause.* He knew that the majority 
of those who were aware of the abundance of fossil 
shells in the interior of continents, were still persuaded 
that they were proofs of the universal deluge ; and as 
the readiest way of shaking this article of feith, he en- 
deavoured to inculcate scepticism as to the real nature 
of such shells, and to recall front contempt the ex- 
ploded dogma of the sixteenth century, that they 
were sports of nature. He also pretended that vege- 
table impressions were not those of real plants.f Yet 
he was perfectly convinced that the shells had really 
belonged to hving testacea, as may be seen in his 

• In allusion to the theories of Bumcl, Woodward, »iid other 
phyalco-theological tfriter^, be clcclared that they nere its fond of 
changes of scene on the face of the globe, as were the populare at 
a ptay. '* Every one of them destroys and renorates the earth 
aSier his own fasliion, as Descartes fmniEd it: for jdiilosophcrs 
put IhemseWes without ceremony in the place of God, and think 
to create a universe with b word." — Difsertation envoyfe a I'Aca- 
d^tnie de Boulogne, sur lea Changemens arrivfa duns notre Globe. 
Unfbrtunately, this and simitar ridicule directed against the cos- 
mogonists' wM loo well deserred. 

the chapter OQ " Des Pienes figures." 
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essay << On the Formation of Mountains." * He would 
sometimes, in defiance of all consistency, shift hs 
ground when addressing the vulgar ; and, admittii^ 
the true nature of the shells collected in the Al^ 
and other places, pretend that they were Easten 
species, which had fallen from the hats of pilgrimi 
coming from SyvisL. The numerous essays written bj 
him on geological subjects were all calculated to 
strengthen prejudices, partly because he was ignoiant 
of the real state of the science, and partly from hi 
bad faithff On the other hand, they who knew tint 
his attacks were directed by a desire to invalidate 
Scripture, and who were unacquainted with the trse 
merits of the question, might well deem the old di- 
luvian hypothesis incontrovertible, if Voltaire coiild 
adduce no better argument against it than to deny the 
true natur^ of organic remains. 

It is only by careful attention to impedimenti 
originating in extrinsic causes, that we can explain the 
slow and reluctant adoption of the simplest truths in 
geology. First, we find many able naturalists addudng 
the fossil remains of marine animals as proofs of an 
event related in Scripture* The evidence is deemed 

* In that essay he lays it down, " that all naturalists sre nov 
agreed that deposits of shells in the midst of the contineiits ne 
monuments of the continued occupation of these districts by the 
ocean.** In another place also, when speaking of the fossil AwHa 
of Touraine, he admits their true origin. 

i* As an instance of his desire to throw doubt indiscrimiiiately on 
all geological data, we may recall the passage where he says, tfait 
'' the bones of a rein-deer and hippopotamus discovered nan 
Etampes did not prove, as some would have it, that Lapland and 
the Nile were once on a tour from Paris to Orleans, but mereiy 
that a lover of curiosi^es once preserved them in his cabinet.*' 
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conclusive by the multitude for a century or more ; for 
it favours opinions which they entertained before, and 
they are gratified by supposing them confirmed by 
fresh and unexpected proofiu Many, who see through 
the fallacy, have no wish to undeceive those who are 
influenced by it, approving the effect of the delusion, 
and conniving at it as a jmous fraud ; until, finally, an 
opposite party, who are hostile to the sacred writings, 
labour to explode the erroneous opinion, by substi- 
tuting for it another dogma which they know to be 
equally unsound. 

The heretical Vulcanists were soon after openly as- 
sailed in England, by imputations of the most illiberal 
kind. We cannot estimate the malevolence of such 
a persecution, by the pain which similar insinuations 
might now inflict : for although charges of infidelity and 
atheism must always be odious, they were injurious in 
the extreme at that moment of political excitement ; 
and it was better, perhaps, for a man's good reception 
in society, that his moral character should have been 
traduced, than that he should become a mark for these 
poisoned weapons. 

I shall pass over the works of numerous divines, who 
may be excused for sensitiveness on points which then 
excited so much uneasiness in the public mind ; and 
shall say nothing of the amiable poet Cowper*, who 
could hardly be expected to have inquired into the 
merit of doctrines in physics. But in the foremost 
ranks of the intolerant, are found several laymen who 
had high claims to scientific reputation. Among these 
appears Williams, a mineral surveyor of Edinburgh, 
who published a << Natural History of the Mineral 



• The Task, book iii. " The Garden. 
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Kingdom," in 1789 ; a work of great merit for M 
day, and of practical utility, as containing Iha bei 
account of the coal strata. In his pre&ce be ^n»^ 
presents Hutton's theory altogether, and charges Ua 
with considering all rocks to be lavas of difeitai 
colours and structure ; and also with ** warping emj 
thing to support the eternity of the world/** He 
descants on the pernicious influence of such sceptnl 
notions, as leading to downright infidelity and atkeaa^ 
" and as being nothing less than to depose Ae 
Almighty Creator of the universe from his office."! 

Kirwan, — De Luc. — Kirwan, president of the Bepl 
Academy of Dublin, a chemist and mineralogist i 
some merit, but who possessed much greater author!^ 
in the scientific world than he was entitled by Hi 
talents to enjoy, said, in the introduction to U 
« Geological Essays, 1799," '< that iownd geology ^ 
duaied into religion, and was required to dispel oerta 
systems of atheism or infidelity, of which they M 
had recent experience.":}^ He was an uncompromisiBg 
defender of the aqueous theory of all rocks, and w 
scarcely surpassed by Burnet and Whiston, in fail 
desire to adduce the Mosaic writings in confirmatioD 
of his opinions* 

De Luc, in the preliminary discourse to his Treatiie 
on Geo](^y§, sajrs, *< the weapons have been changed 
by which revealed religion is attacked; it is noir 
assailed by geology, and the knowledge of this scienee 
has become essential to theologians." He imputes the 
failure of former geological systems to their hairing 
been anti-mosaical, and directed against a ^^sufalime 
tradition/' These and similar imputations, reiterated 

^. 577. t P. 59. 

\ Introd. p. S. $ London, 1809* 
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in the works of Oe Luc, seem to have been taken for 
granted by some modern writers: it is therefore 

Becessary to state, in justice to the numerous geol<^ists 
of different nations, whose works have been considered, 
that none of them were guilty of endeavouring, by 
arguments drawn from physics, to invalidate scriptural 
tenets. On the contrary, the majority of them 
who were fortunate enough " to discover the true 
causes of things," rarely deserved another part of 
the poet's panegyric, " Atqye metut ornnes su^ecit 
pedibus.'' The caution, and even timid reserve, of 
many eminent Italian authors of the earlier period is 
very apparent : and there can hardly be a doubt, that 
they subscribed to certain dogmas, and particularly to 
the first diluvian theory, out of deference to popular 
prejudices, rather than from conviction. If they were 
guilty of dissimulation, we may feel regret, but must 
iiot blame their want of moral courage, reserving rather 
our condemnation for the intolerance of the times, and 
that inquisitorial power which forced Galileo to ab- 
jure, and the two Jesuits to disclaim the theory of 
Newton.* 

* In a moat able article, by Mr. Drinkwatcr, on the " Life of 
Galileo," published in the " Liljrary of Useful Knowledge," it is 
stnled ihal hoth Galileo's work, and the book of Copernicus " Nisi 
conigatur" (For, with the omiaaion oT eertain pasaages, it was sanc- 
tioned), were still to be ued on the forbidden IJbC of the Index 
at Rome in 1828. I wu however assured in the ume ^ear, bj 
■ Profeasor Scarpellini, at Rome, that Fius VII., a pontiff distiu- 
guiihcd for hit love of science, bad procured a repeal of the edicts 
agaJDBt Galileo and the Co|iemican nj^nem. He bod aasemliled the 
Congregation ; and the late Cardinal Toiioiii. assewor of the Sa- 
cred Office, proposed " that they should wipe off this scandal from 
the church." The repeal was carrJBd, with the diwenlient Toico 
of one Domiaican only. Long before that lime tbe Mewlonian 
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Hutton answered Kirwan's attacks with greit 
warmth, and with the indignation justly excited by 
unmerited reproach. << He had always displayed," aaji 
Playfair, " the utmost disposition to admire the bene- 
ficent design manifested in the structure of the world; 
and he contemplated with delight those parts of Ui 
theory which made the greatest additions to our 
knowledge of final causes." We may say with equal 
truth, that in no scientific works in our language cm 
more eloquent passages be found, concerning thefitnen^ 
harmony, and grandeur of all parts of the creatioD, thn 
in those of Playfair. They are evidently the unafiectcd 
expressions of a mind, which contemplated the studf 
of nature, as best calculated to elevate our conce^ 
tions of the attributes of the First Cause. At anj 
other time the force and elegance of Playfair's style 
must have insured popularity to the Huttonian doo 
trines; but, by a singular coincidence, NeptunianisB 
and orthodoxy were now associated in the same creed: 
and the tide of prejudice ran so strong, that tbe 
majority were carried far away into the chaotic fluidi 
and other cosmological inventions of Werner. These 
fictions the Saxon professor had borrowed with little 
modification, and without any improvement, from hii 
predecessors. They had not the smallest fbundatioD 
either in Scripture or in common sense, and were pro- 
bably approved of by many as being so ideal and un- 
substantial, that they could never come into violent 
collision with any preconceived opinions. 

theory had been taught in the Sapienza,and all Catholic univenhus 
in Europe (with the exception, I am told, of Salamanca) ; but it 
was always required of professors, in deference to the decrees of the 
church, to use the term hypothesis, instead of theory. They now 
speak of the Copernican theory. 
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According to De Luc, the first essential tUstinc- 
Cion to be made between the various phenomena ex- 
hibited on the sutface of the earth was, to determine 
which were the results of causes still in action, and 
which had been produced by causes that had ceased to 
act. The form and composition of the mass of our 
continents, he said, and their existence above the level 
of the sea, must be ascribed to causes no longer in 
action. These continents emerged at no very remote 
period on the sudden retreat of the ocean, the waters 
of which made their way into subterranean caverns. 
Tlie formation of the rocks which enter into the 
crust of the earth began with the precipitation of gra- 
nite from a primordial liquid, after which other strata 
containing the remains of organized bodies were de- 
posited, till at last the present sea remained as the 
residuum of the primordial liquid, and no longer con- 
tinued to produce mineral strata." 

mitiam Smith, 1790.— While the tenets of the 
rival schools of Freyberg and Edinburgh were warmly 
espoused by devoted partisans, the labours of an indi- 
vidual, unassisted by the advantages of wealth or station 
in society, were almost unheeded. Mr. William Smith, 
an English surveyor, published his " Tabular View of 
the British Strata" in 1790, wherein he proposed a 
classification of the secondary formations in the West 
of England. Although he had not communicated with 
Werner, it appeared by this work that he had arrived 
at the same views respecting the laws of superposition 
of stratified rocks ; that he was aware that the order 
of succession of differeot groups was never inverted; 



* Elementary Treatise on Geology. London, 1809. Trans- 
lated by De la Fite. 
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and that they might be identified at very distoBt pomti 
by their peculiar oi^anized fossils. 

From the time of the appearance of the ** 'fabolfr 
View/' the author laboured to construct a geologicil 
map of the whole of England ; and with the greatest 
disinterestedness of mind, communicated the results rf 
his investigations to all who desired information, S^^Nl 
such publicity to his original views, M to enable In 
contemporaries almost to compete with him in the 
race. The execution of his map was completed k 
1815, and remains a lasting monument ^f origiui 
talent and extraordinary perseverance; fef he hi 
explored the whole country on foot without the goii 
ance of previous observers, or the aid of fhllowJl' 
bourers, and had succeeded in throwing into natonil 
divisions the whole complicated series of British Mcb 
D'Aubuisson, a distinguished pupil of Werner, paida 
just tribute of praise to this remarkable perfbrniciie6) 
observing, that « what many celebrated mineialogisti 
had only accomplished for a small part of Germany a 
the course of half a century, had been effiscted 1^ i 
single individual for the whole of England.* 

Werner invented a new language to expreaa'^irfi 
divisions of rocks, and some of his technical terms, such 
as grauwacke, gneiss, and others, passed cnin^nt m 
every country in Europe. Smith adopted ibr die most 
part English provincial terms, often of harbarooi 
sound, such as gault, combrash, dunch clay; and 
affixed them to subdivisions of the British serMi* 
Many of these still retain their place in our scimtific 
classifications, and attest his priority of arrangement 

* See Dr. Fitton*s Memoir, before cited, p. 57. 
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The contention of the rival factions of llie Vulcan- 
iats and Neptuoists had been carried to such a height, 
that these names had become terms of reproach ; and 
the tVTO parties hod been less occupied in searching 
Ga truth, than for such arguntents as might GtreDgthen 
their own cause, or serve to annoy their antagonisti. 
A new school at last arose, who professed the strictest 
neutrality, and the utmost indifference to the systems 
of Werner and Hutton, and who reeolved dihgently to 
devote their labours to observation. The reaction, 
provoked by the iatemperance of tlie conflicting parties, 
now produced a tendency to extreme caution. Specu- 
lative views were discountenanced, and, through fear 
of exposing themselves to the suspicion of a bias 
towards the dogmas of a party, some geologists became 
anxious to entertain no opinion whatever on the causes 
of phenomena, and were inclined to scepticism even 
where the conclusions dcducible from observed facts 
scarcely admitted of reasonable doubt. 

Geological Soei^ of London. — But although the 
reluctance to theorixe was carried somewhat to excess, 
no measure could be more salutary at such a moment 
than a suspension of all attempts to form what were 
termed " theories of the earth." A great body of new 
data were required ; and the Geological Society of 
London, founded in 1807, conduced greatly to the at- 
tainment of this desirable end. To multiply and record 
observations, and patiently to await the result at some 
iuture period, was the object proposed by them ; and It 
was their favourite maxim that tlie time was not yet 
come for a general system of geology, but that all 
must be content for many years to he &>Ld\u,\v^\'^ eoj- 
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gaged in furnishing materials for future generalizations 
By acting up to these principles with consistency, tfaej 
in a few years disarmed all prejudice, and rescued the 
science from the imputation of being a dangerous, oral 
best but a visionary pursuit. 

A distinguished modem writer has with truth re- 
marked, that the advancement of three of the mim 
divisions of geological inquiry have, during the last 
half century, been promoted successively by three di& 
ferent nations of Europe, — the Germans, llie KngliA, 
and the French. * We have seen that the systematic 
study of what may be called mineralogical geology had 
its origin, and chief point of activity in Germany, when 
Werner first described with precision the mineral duh 
racters of rocks. The classification of the secondaij 
formations, each marked by their peculiar fossils, be- 
longs, in a great measure, to England, where the laboon 
before alluded to of Smith, and those of the most actbfe 
members of the Geological Society of London, were 
steadily directed to these objects. The foundation of 
the third branch, that relating to the tertiary forma- 
tions, was laid in France by the splendid work of Cuvier 
and Brongniart, published in 1808, << On the Mineral 
Geography and Organic Remains of the Neigfaboiu^ 
hood of Paris." 

We may still trace, in the language of the sdence 
and our present methods- of arrangement, the varicNM 
countries where the growth of these several depart- 
ments of geology was at different times pnmioted 
Many names of simple minerals and rocks reouun to 
this day German; while the European divisions of tlK 
secondary strata are in great part English, and are, isr- 

• WheweU, British Critic, No. xrii. p. 187. 1831. 
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deed, often founded too exclusively on English types. 
Lastly, the subdivisions first established of the succes- 
sion of strata in the Paris basin have served as normal 
groups, to which other tertiary deposits throughout 
Europe have been compared, even in cases where this 
Etandard, as will afterwards be shewn, was wholly 
inapplicable.* 

No period could have been more fortunate for the 
discovery, in the immediate neighbourhood of Paris, of 
a rich store of well-preserved fossils, than the com- 
mencement of the present century ; for at no former 
era had Natural History been cultivated with such 
enthusiasm in tlie French metropolis. The labours of 
Cuvier iu comparative osteology, and of Lamarck in 
recent and fossil shells, had raised these departments 
of study to a rank of which they had never previously 
been deemed susceptible. Their investigations had 
eventually a powerful effect in dispelling the illusion 
which had long prevailed concerning the absence of 
analogy between the ancient and modern state of our 
planet. A close comparison of the recent and fossil 
species, and the inferences drawn in regard to their 
habits, accustomed the geologist to contemplate the 
earth as having been at saccessive periods the dwelling- 
place of animals and plants of different races, some 
terrestrial, and others aquatic — some fitted to live in 
seas, others in the waters of lakes and rivers. By the 
consideration of these topics, the mind was slowly and 
insensibly withdrawn from imaginary pictures of cata- 
strophes and chaotic confusion, such as haunted tlie 
im^ination of the early cosmogonists. Numerous 
proofe were discovered of the trantjuil deposition of 



sedimentM'y matter, ftnd the fllotr detelopififteni d 
organic life. If matay writers, and Curier hibiMlf k 
the number, still continued to maintain, that, ^tlM 
thread a£ induction was broken *," yet^ in renBCHAtf 
by the strict rales of induction from decent to IM 
species, they in a great measure disclaitned the dogni 
which in theory they professed. The adoption df Al 
same generic, and in flome cases, ^en of the stoiie 
specific, names for the exuviae of fossil AwivnuU ni 
their living analogues, was an important step towttdl 
familiarizing the mind with the idea of the identi^ 
and unity of the system in distant eras. It w$b H 
acknowledgment, as it were, that part at least of fk 
ancient memorials of nature were written in a living 
language. The growing importance, then, of the 
natural history of organic remains may be pointed oil 
as the characteristic feature of the progress of the 
science during the present century. This branch tf 
knowledge has already become an instrument of gretl 
utility in geological classification, and is contimdif 
daily to unibld new data for grand and enlarged viewt 
respecting the former changes of the earth. 

When we compare the result of observations ill tfie 
last thirty years with those of the three preceding 
tunes, we cannot but look forward with the most 
guine expectations to the degree of excellence to which 
geology may be carried, even by the laboiuii of the 
present generation. Never, perhaps, did any scienoe^ 
with the exception of astronomy, unfold, in an eqiiatf 
brief period, so many novel and unexpected tinitiiB, ttrf 
overturn so many preconceived opinions. The semtt 
had for ages declared the earth to be at rest, ittitil the 

* Discoun BUT les R6?ol. &c. 
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setroDomer taught that it was carried through space 
mth inconceivable rapidity. In like tnarmer was the 
surface of this pluiet regarded as having remained 
unaltered aace its creation, until tiie geologist proved 
that it had been the theatre of reiterated change, and 
was still the subject of tlow but never-ending fluctu- 
ations. The discovery of other systems in the bound- 
less regions of space was the triumph of astronomy: 
to trace the same system througli various transform- 
ations — to behold it at sDccessive eras adorned with 
different hills and valleys, lakes and seas, and peopled 
with new inhabitants, was the delightful meed of 
geological research. By the geometer were measured 
the regions of space, and the relative distances of the 
heavenly bodies — by the geologist myriads of ages 
were reckoned, not by arithmetical computation, but 
by a train of physical events — a succession of phono- 
mena in the animate and inanimate worlds — signs 
which convey to our minds more detinite ideas than 
figures can do of the immensity of time. 

Whether our investigation of the earth's history and 
structure will eventually be productive of as great 
practical benefits to mankind, as a knowledge of the 
distant heavens, must remain for the decision of pos- 
terity. It was not till astronomy had been enriched 
by tho observations of many centuries, and had made 
its way against popular prejudices to the establishment 
of a sound theory, that its application to the useful 
arts was most conspicuous. The cultivation of geology 
began at a later period ; and in every step which it has 
hitherto made towards sound theoretical principles, it 
has had to contend against more violent prepossessions. 
The practical advantages already derived from it have 
not been inconsiderable : but our generalizations 
f6 
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yet imperfect, and they who come after us may be 
expected to reap the most valuable fruits of our labour. 
Meanwhile the charm of first discovery is our own; 
and, as we explore this magnificent field of inquiry, the 
sentiment of a great historian of our times may con- 
tinually be present to our minds, that *^ he who calls 
what has vanished back again into being, enjoys a Uin 
like that of creating."* 

* Niebuhr's Hist, of Rome, yoL i. p. 5. Hare and Thirlwailk 
translatioa. 




EfTects of prepoflseasions in regard to (he duration of past time — 
Of prejudices arising from our peeulinr position as inliabilants 
of the land (p. IIB.) — Of tbtne rx-CBsiooed by our not seeing 
subtenanean changes now in progreas — All these causes com- 
bine to make the former course of Nature appear different from 
the present. — Several objections to the assumption, that existing 
causes have produced the former changes of the earth's utuface, 
removed by modertk discoveries (p. 122.). 

If we reflect on the history of the progresB of geology, 
as explained in the preceding chapters, we perceive 
that there have hcen great fluctuations of opinion 
respecting the nature of the causes to which all 
former changes of the earth's surfece are referrible. 
The first observers conceived the monuments which 
the geologist endeavours to decipher to relate to an 
original state of the earth, or to a period when there 
were causes in activity, distinct, in kind and degree, 
ftom those now constituting the economy of nature. 
These views were gradually modified, and some of 
them entirely abandoned in proportion as observations 
were multiplied, and the signs of former mutatioDs 
more skilfiilly interpreted. Many appearances, which 
had for a long time been regarded as indicating mys- 
terious and extraordinary agency, were finally recog- 
nized as the necessary result of the laws imyj ^onwkkv^ 
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the material world; and the discovery of this unlooked- 
for conformity has at length induced some philoM- 
phers to infer, that, during the ages contemplated si 
geology, there has never been any interruption to the 
agency of the same uniform laws of change. The 
same assemblage of general causes, they conceited 
may have been sufficient to produce, by their Taiioiii 
combinations, the endless diversity of effects, of whidi 
the shell of the earth has preserved the memoriab; 
and, consistently with these principles, the recurraM 
of analogous changes is expected by them in time to 
come. 

Whether we coincide or not in this doctrine, we mnt 
admit that the gradual progress of, opinion concemiif 
the succession of phenomena in very remote eras, re- 
sembles, in a singular manner, that which has acaxB- 
panied the growing intelligence of every people, ii 
regard to the economy of nature in their own tim« 
In an early stage of advancement, when a ^reat fiim- 
ber of natural appearances are unintelligible, an ecdipN^ 
an earthquake, a flood, or the approach of a cobmi^ 
with many other occurrences afterwards found to b^ 
long to the regular course of events, are regarded m 
prodigies. The same delusion prevails a« to neiil 
phenomena, and many of these are ascribed to the a^ 
tervention of demons, ghosts, witdies, and other in- 
material and supematwal agents. By degrees, nuoj 
of the enigmas of the moral and phjnsical world aae 
explained, and, instead of being doe to extnasie ani 
irregular causes, they are found to depend 
and invariable laws. The philosopher at laat 
convinced of the undeviating uniformity of aeemidarf 
causes ; and, guided by h» faith in this princi|ik^ he 
determines the prcibsbWity q£ acc^msiU transmittad to 
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him of former occorreneea, aod often rqects the 
ftbulous tale* of former timefl, on the ground of their 
being irrecMic liable with the experience of more en- 
li^tened ages. 

Prrjiotitsiiioni in regard to the dwratimi tf past 
time. — At a belief in the want of conformity in the 
causes by which the earth's crust has been modified 
in ancient and modem periods was, for a long time, 
universally prevalent, and that, too, amongst men who 
have been convineed that the order of nature is new uni- 
form, and that it has continued bo for several thousand 
yearsjeverycircumstance which could have influenced 
their minds and given an undue bias to their opinions 
deeerres particular attention. Now the reader may 
easily satisfy himself, that, however undeviatmg the 
course of nature may have been from the earliest 
epochs, it was impossible for the first cultivators of 
geology to oome to such a conclusion, so long as they 
were under a delusion as to the age of the world, and 
the date of the first creation of animate beings. How- 
ever fentastical some theories of the sixteenth century 
may now appear to us, — however unworthy of men 
of great talent and sound judgment, — we may rest 
assured that, if the same misconception now prevailed 
in regard to the memorials of human transactions, it 
would give rise to a similar train of absurdities. Let 
us imagine, for example, that Champollion, and the 
French and Tuscan literati lately engaged in exploring 
the antiquities of Egypt, had visited that country with 
a firm belief that the banks of the Nile were never 
peopled by the human race before the beginning of 
the nineteenth century, and that their (aith in ^is 
dogma was as difficult to shake as the opinion of our 
ancestors, that the earth was never th« ftbt>4e to? XYNvtv^ 
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beings until the creation of the present continental 
and of the species now existing, — it is easy to perceiTe 
what extravagant systems they would frame, while 
under the influence of this delusion, to account for the 
monuments discovered in Egypt. The sight of the py- 
ramids, obelisks, colossal statues, and ruined temploi 
would fill them with such astonishment, that ftr a 
time they would be as men spell-bound — wholly in- 
capable of reasoning with sobriety. They might indine 
at first to refer the construction of such stupendon 
works to some superhuman powers of a primeval woiUi 
A system might be invented resembling that so gravd|f 
advanced by Manetho, who relates that a dynasty d 
gods originally ruled in Egypt, of whom Vulcan, the 
first monarch, reigned nine thousand years ; after whm 
came Hercules and other demigods, who were at lut 
succeeded by human kings. 

When some fanciful speculations of this kind hti 
amused their imaginations for a time, some vast repofr 
tory of mummies would be discovered, and would im. 
mediately undeceive those antiquaries who enjoyed u 
opportunity of personally examining them ; but the 
prejudices of others at a distance, who were not eye* 
witnesses of the wl\ole phenomena, would not be M 
easily overcome. The concurrent report of many tm* 
vellers would, indeed, render it necessary for them to 
accommodate ancient theories to some of the new 
facts, and much wit and ingenuity would be required 
to modify and defend their old positions. Each new 
invention would violate a greater number of known 
analogies ; for if a theory be required to embrace some 
false principle, it becomes more^visionary in proportioD 
as facts are multiplied, as would be the case if geo- 
meters were now required to form an astronomiGil 
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system on the auiunption of the immobility of the 
earth. 

Amongst other fanciful conjectures concerning the 
history of Egypt, we may suppose some of the foUoV- 
jng to be started. " As the banks of the Nile have 
been so recently colonized for the first time, the 
curious substances called mummies could never m 
reality have belonged to men. They may liave been 
generated by some ptasCie virtue residing in the interior 
of the earth, or they may be abortions of nature pro- 
duced by her incipient efforts in the work of creation. 
For if deformed beings are sometimes born even now, 
when the scheme of the universe is fully developed, 
many more may have been ' sent before their time, 
scarce half made up,' when the planet itself was in the 
embryo state. But if these notions appear to derogate 
from the perfection of the Divine attributes, and if 
these mummies be in aU their parts true represent- 
ations of the human form, may we not refer them to 
the future rather than the past ? May we not be 
looking into the womb of Nature, and not her grave? 
May not these images be like the shades of the unborn 
in Virgil's Elysium — the archetypes of men not yet 
called into existence ? " 

These speculations, if advocated by eloquent writers, 
would not fail to attract many zealous votaries, for 
they would relieve men from the painful necessity of 
renouncing preconceived opinions. Incredible as such 
scepticism may appear, it has been rivalled by many 
systems of the sixteenth and seventeenth centuries, 
and among others by that of the learned Falloppio, who 
regarded the tusks of fossil elephants as earthy con- 
crelions, and the pottery or fragments of vases in the 
Monte Testaceo, near Home, as works of nature, and 
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not of art. But when one generation had paaeed 
away, and another, not compromised to the support of 
antiquated dogmas had succeeded, thej would review 
the evidence afiPorded by mummies more impaitially, 
and ^ould no longer controvert the preHminary quel- 
tion, that human beings had lived in E^ypt before te 
nineteenth century: so that when a hundred y^m§ 
perhaps had been lost, the industry and talents of the 
philosopher would be at last directed to the elucidatioa 
of points of real historical hnportance. 

But the above ai^uments are aimed againat 000 
only of many prejudices with whidi the earlier geob* 
gists had to contend. Even when they conceded thtf 
the earth had been peopled with animate beings at tB 
earlier period than was at first supposed, they had as 
conception that the quantity of time bore so great s 
proporticm to the histmcal era as is now geneniOy 
conceded. How fatal every error as to the quantity 
of time must prove to the introduction of ratloml 
views concerning the state of things in former agei^ 
may be conceived by supposing the annals of the dffl 
and military transactions of a great nation to be 
perused under the impression that they occurred in 
a period of one hundred instead of t^o thouaand 
years. Such a portion of history would immediately 
assume the air of a romance ; the events would seem 
devoid of credibility, and inconsistent with the present 
course of human affairs. A crowd of incidents would 
follow each other in thick succession. Armies and 
fleets would appear to be assembled only to be de- 
stroyed, and cities built merely to fidl in rubca. 
There would be the most violent transitions ftsm 
foreign or intestine war to periods of profound peae^ 
and the works eilected dMTm^tVv^ 3^«x« of disorder or 
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traQquillity miuld appear alike superliuinaii in meg- 
njtude. 

He who should study the monunients of the natural 
world under the influence of a similar infatuation, 
must draw a no less exaggerated picture of the energy 
and violence of causes, and must experience the same 
insurmountable difficulty in reeoncding the former 
and present state of nature. If we could behold in 
one view all the volcanic cones thrown up in Iceland, 
Italy, Sicily, and other parts of Europe, during the 
last fire thousand years, and could see the lavas which 
have flowed during the same period; the dislocations, 
subsidences, and elevations caused by earthquakes; 
the lands added to various deltas, or devoured by the 
sea, together with the effects of devastation by floods, 
and imagine that all these events had happened in one 
year, we must form most exalted ideas of the activity 
of the agents, and the suddenness of the revolutions- 
Were an equal amount of change to pass before our 
eyes in the next year, could we avoid the conclusion 
that some great cris^ of nature was at hand ? If 
geologists, therefore, have misinterpreted the signs of 
a succession of events, so as to conclude that centuries 
were implied where the characters imported thousands 
of years, and thousands of years where the language of 
nature signified millions, they could not, if they rea- 
soned logically from such false premises, come to any 
other conclusion than that the system of the natural 
world had undergone a complete revolution. 

We should be warranted in ascribing the erection of 
the great pyramid to superhuman power, if we were 
convinced that it was raised in one day; and if we 
imagine, in the same manner, a mountain- chain to 
have been elevated, during an equally ^.vn'aiV fewSAWi. 
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of the time which was really occupied in upheaving it, 
we might then be justified in inferring, that the sub- 
terranean movements were once far more energetic 
than in our own times. We know that one earthquake 
may raise the coast of Chili for a hundred miles to the 
average height of about five feet. A repetition of two 
thousand shocks, of equal violence, might produce a 
mountain-chain one hundred miles long, and ten thou- 
sand feet high. Now, should one only of these con- 
vulsions happen in a century, it would be consistent | 
with the order of events experienced by the Chilianf 
from the earliest times; but if the whole of them were 
to occur in the next hundred years, the entire district 
must be depopulated, scarcely any animals or planti 
could survive, and the surface would be one confused 
heap of ruin and desolation. 

One consequence of undervaluing greatly the quan- 
tity of past time, is the apparent coincidence whidi it 
occasions of events necessarily disconnected, or whidi 
are so unusual, that it would be inconsistent with aD 
calculation of chances to suppose them to happen at 
one and the same time. When the unlooked-for asso- 
ciation of such rare phenomena is witnessed in the 
present course of nature, it scarcely ever fails to excite 
a suspicion of the preternatural in those minds whidi 
are not firmly convinced of the uniform agency of 
secondary causes; — >as if the death of some individual 
in whose fate they are interested happens to be ac- 
companied by the appearance of a luminous meteor, 
or a comet, or the shock of an earthquake. It would 
be only necessary to multiply such coincidences in- 
definitely, and the mind of every philosopher would be 
disturbed. Now it would be difficult to exaggerate 
the number of physical events, many of them most 
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rare and unconnected in their nature, which were 
imagined by the Woodwardian hypothesis to have hap- 
pened in the course of a few months : and numerous 
other examples might be found of popular geological 
theories, which require us to imagine that a long suc- 
cession of events happened in a brief and almost mo- 
mentary period, 

Anotlier liability to errofj very nearly allied to the 
former, arises from the frequent contact of geological 
monuments referring to very distant periods of time. 
We often behold, at one glance, the effects of causes 
which have happened at times incalculably remote, and 
yet there may be no striking circumstances to mark 
the occurrence of a great chasm in the chronolc^ical 
series of Nature's archives. In the vast interval of 
time which may really have elapsed between tlie 
results of operatioos thus compared, the physical con- 
dition of the earth may, by slow and insensible modi- 
fications, have become entirely altered ; one or more 
races of organic beings may have passed away, and 
yet have left behind, in the particular region under 
contemplation, no trace of their existence. 

To a mind unconscious of these intermediate events, 
the passage from one state of things to another must 
appear so violent, that the idea of revolutions in the 
system inevitably suggests itself. The imagination is 
as much perplexed by the deception, as it might be if 
two distant points in space were suddenly brought into 
immediate proximity. Let us suppose, for a moment, 
that a philosopher should lie down to sleep in some 
arctic wilderness, and then be transferred by a power, 
such as we read of in talcs of enchantment, to a valley 
in a tropical country, where, on awaking, he might 
tind himself surrounded by birds of brilliant plumage, 
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and all the luxuriaiice of animal and vegetable fonat 
of which Nature i« so prodigal in those regions. Hie 
most reasonable supposition, perhaps^ whidii he ooaU 
make^ if by the necromancer's art he was placed is 
such a situation, would be, that he waa dreaming; 
and tf a geologist form theories under a similar dek« 
sion, we cannot expect him to preserve more con* 
sistency in his speculations, than in the train of ideas 
in an ordinary dream. 

The sources of prejudice hitherto considered rnqr 
be deemed peculiar for the most part to the in&ncj 
of the science, but others are common to the fiat 
cultivators of geology and to oursdves, and are d 
singularly calculated to produce the same deceptifli^ 
and to strengthen our belief that the course of natm 
in the earlier ages differed widely from that now es* 
taUished. Although these circumstances cannot be 
fully explained without assuming some things if 
proved, which it wiU be the object of another part d 
this work to demonstrate, it may be well to allude to 
them briefly in this place. 

Prejudices arising from our pectdiar position as ta* 
habitants of the land, — The first and greatest difficultT^ 
then, consists in an habitual unconsciousness that oar 
position as observers is essentially unfavourable, wfaea 
we endeavour to estimate the magnitude of the changei 
now in progress* In consequence of our inattenticm ts 
this subject, we are liable to serious mistakes in coo* 
trasting the present with former states of the ^^kibe. 
As dwellers on the land, we inhabit about a fourth 
part of the surface ; and that porticm is almost ca* 
dusively a theatre of decay, and not of reproduction 
We know, indeed, that new deposits are amiuaDf 
formed in seas and lakes, and that every year aoane 
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aew igneous rocks are produced in the bowels of the 
eardi, but we cannot watch the progress of their form- 
ation ; and OS they are only present to our niuds by 
the aid of reflection, it requires an effort both of the 
reason and the imagination to appreciate duly their 
importance. It is, therefore, not surprising that we 
estimate very imperfectly the result of operations 
thus invisible to us ; and tliat, when analogous results 
of former epochs are presented to our inspection, we 
cannot immediately recc^nize the analogy. He who 
has observed tlie quarrying of stone from a rock, and 
has seen it shipped for some distant port, and then 
endeavours to conceive what kind of edifice will be 
raised by the materials, is in tlie same predicament as 
a geologist, who, while he is confined to the laud, sees 
the decomposition of rocks, and the transportation of 
matter by rivers to the sea, and then endeavours to 
picture to himself the new strata which Nature is 
building beneath the waters. 

Prejudicea arising from our not seeinff subterranean 
elianffes. — Nor is his position less unfavourable wlien, 
beholding a volcanic eruption, he tries to conceive 
what changes the column of lava has produced, in its 
passage upwards, on the intersected strata ; or what 
form the melted matter may assume at great depths 
on cooling; or what may be the extent of the subter- 
ranean rivers and reservoirs of liquid matter far be- 
neath the surface. It shoidd, therefore, be remem- 
bered, tiiAt the task imposed on those who study the 
eartli's history requires no ordinary share of discretion; 
for we are precluded from collating the corresponding 
parts of the system of things as it exists now, and as 
it existed at former perioda. If we were inhabitants 
of another element — if the great ocean were our 
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domain, instead of the narrow limits of the land» oor 
difficulties would be considerably lessened; while, on 
the other hand, there can be little doubt, although the 
reader may, perhaps, smile at the bare suggeation of 
such an idea, that an amphibious being, who should 
possess our faculties, would still more easily arriTC at 
sound theoretical opinions m geology, since he migiit 
behold, on the one hand, the decomposition of rocks is 
the atmosphere, or the transportation of matter bf 
running water ; and, on the other, examine the dep^ 
sition of sediment in the sea, and the imbedding d 
animal and vegetable remains in new strata* He 
might ascertain, by direct observation, the action ef i 
mountain torrent, as well as of a marine current ; nuglt 
compare the products of volcanos poured out upon dv 
land with those ejected beneath the waters; and 
might mark, on the one hand, the growth of the fi 
and on the other that of the coral ree£ Yet, em 
with these advantages, he would be liable to &11 inti 
the greatest errors when endeavouring to reason oi 
rocks of subterranean origin. He would seek in vaiii 
within the sphere of his observation, for any direct 
analogy to the process of their formation, and wouU 
therefore be in danger of attributing them, wherever 
they are upraised to view, to some " primeval state d 
nature." 

But if we may be allowed so Hbot to indulge the 
imagination, as to suppose a being entirely confined to 
the nether world — some <' dusky melancholy spritt^" 
like Umbriel, who could << flit on sooty pimons to*tibf 
central earth," but who was never permitted to ^* yuBjf 
the ioAT face of light," and emerge into the 'regions of 
water and of air; and if this being should busy himself 
in investigating the structure of the* globe, tie ttiij^ 
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frame theories the exact converse of those usually 
adopted by human philosophers. He might infer that 
the stratified rocks, containing shells and other organic 
remains, vrere the oldest of created things, belonging 
to some origioal and nascent state of the planet. " Of 
these masses," he might say, "whether they consist of 
loose incoherent sand, soft clay, or solid stone, none 
have been formed in modern times. Every year some 
part of them are broken and shattered by earthquakes, 
or melted by volcanic fire ; and, when they cool down 
slowly from a state of fusion, they assume a new and 
more crystalline form, no longer exhibiting that stra- 
tified disposition, and those curious impressions and 
fantastic markings, by which they were previously 
characterized. This process cannot have been carried 
on for an indefinite time, for in that case all the stra< 
tified rocks would long ere thU have been fused and 
crystallized. It is therefore probable that the whole 
planet once consisted of these mysterious and curiously 
bedded formations at a time when the volcanic fire had 
not yet been brought into activity. Since that period 
there seems to have been a gradual development of 
heat ; and this augmentation we may expect to coa- 
tinue till the whole globe shall be in a state of fluidity 
and incandescence." 

Such might be the system of the Gnome at the very 
time that the followers of Leibnitz, reasoning on what 
they saw on the outer surl^ce, might be teaching the 
opposite doctrine of gradual refrigeratlooi and averring 
that the earth had begun its career as a fiery comet, 
and might be destined hereafter to become a frozen 
mass. The tenets of the schools of the nether and of 
the upper world would be directly opposed to each 
other, for both would partake of the prejudices in- 
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evitably resulting from the continual contwoplatioii d 
one class of phenomena to the exdusion of another 
Man observes the annual decomposition of cryatalline 
and igneous rocks, and maj sometimes see their oq»> 
version into stratified deposits ; but he cannot witnes 
the reconversion of the sedimentary into the cryatil- 
Hne by subterranean fire. He is in the hidbit of re^ 
garding all the sedimentary rocks as more recent dm 
the unstradfied, for the same reason that we maj ti^ 
pose him to fall into the opposite ernnr if he saw thi 
origin of the igneous class only. 



ASSUMPTION OF THE DISCORDANCE OF THS AKCIl 
AND EXISTING CAUSES OF CHANGE TJNPHIUMO- 
FHIGAL. 






It is only by becoming sensible of our natOFal &» 
advantages that we shall be roused to exertran, md 
prompted to seek out opportunities of observing tncb 
of the operations now in progress, as do not present 
themselves readily to view. We are called upon» ii f 
our researches into the state of the earth, as in our 
endeavours to comprehend the mechanisnt of tk | 
heavens, to invent means for overcoming the Hnitdl f 
range of our vision. We are perpetually required ttt 
bring, as far as possible, within the sphere of ofaaerv- 
ation^ things to which the eye, unassisted bj art^ couU 
never obtain access. 

It was not an impossible contingency, tiiat astro- 
aomers might have been placed at some periocl in a 
situation much resembling that in which the gftokap^ 
seems to stand at present. If the I taliane^ for exan^l% 
in the early pert of the twelfih century, had diaooverei 
at Amalfi, instead of the pandects of Justinian^ 
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andent manuscripts filled with astronomical obsen- 
ations relating to a period of three thousand years, and 
made by some ancient geometers who possessed optical 
iDstrumeDtt as perfect as any in modern Europe, tliey 
would probably, on consulting these memoriaU, have 
come to a conclusion that there had been a great 
revolution in the solar and sidereal systems. " Many 
primary and secondary planets," they might say, "are 
enumerated in these tables, which exist no longer. 
Their positions are assigned with such precision, that 
we may assure om'sclvea that there is nothing in their 
place at present but tlic blue ether. Wliere one star 
is visible to us, these documents represent several 
tbousanda. Some of those which are now single, con- 
sisted then of two separate bodies, ol\en distinguished 
by different colours, and revolving periodically round 
a common centre of gravity. There is notiibg ana- 
It^ous to tliem in the universe at present; for they 
were neither fixed stars nor planets, but ?eem to have 
stood in the mutual relation of sun and planet to each 
other. We must conclude, therefore, that there has 
occurred, at no distant period, a treraendous cata- 
strophe, whereby thousands of worlds have been anni- 
hiliated at once, and some heavenly bodies absorbed 
into the substance of others." When such doctrines 
had prevailed for ages, the discovery of one of the 
worlds, supposed to have been lost, by aid of the first 
rude telescope invented after the revival of science, 
would not dissipate the delusion, for the whole burden 
of proof would now be thrown on those who insisted 
on the stability of the system from a remote period, 
and these philosophers would be required to demon- 
strate the existence of all the worlds said to have been 
annihilated. 
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Such popular prejudices would be most unfavourable 
to the advancement of astronomy; for, instead of per- 
severing in the attempt to improve their instruments^ 
and laboriously to make and record obsenrationsy the 
greater number would despair of. verifying the cQirti- 
nued existence of the heavenly bodies not visible, to 
the naked- eye. Instead of confessing the extent of 
their ignorance, and striving to remove it bybiii^;!^ 
to light new facts, they would indulge in the more 
easy and indolent employment of framing unagioflij 
theories concerning catastrophes and mighty refold 
tions in the system of the universe. 

For more than two centuries the shelly strata of die 
Subapennine hills afforded matter of speculation to ii$ 
early geologists of Italy, and few of them had.aif 
suspicion that similar deposits were then fbrmii^ ■ 
the neighbouring sea. They were as unconscioui. 
the continued action of causes still producing 
effects, as the astronomers, in the case above sap* 
posed, of the existence of certain heavenly bodies sd 
giving and reflecting light, and performing their move- 
ments as of old. Some imagined that the strata, « 
rich in organic remains, instead of being due to seoond* 
ary agents, had been so created in the beginmng of 
things by the fiat of the Almighty; and others ascribed 
the imbedded fossil bodies to some plastic powff 
which resided in the earth in the early ages of the 
world. At length Donati explored the bed of the 
Adriatic, and found the closest resemblance between 
the new deposits there forming, and those which coBr 
stituted hills above a thousand feet high in various poits 
of the Italian peninsula. He ascertained that cortaie 
genera of living testacea were grouped together at the 
bottom of the sea, in precisely the same manner as woe 
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their fossil analogues in the strata of the hiUs, and 
that some species were common to the recent and 
fossil world, Beds of shells, moreover, in the Adriatic, 
were becoming incrustcd with calcareous rock : and 
others were recently inclosed in deposits of sand and 
clay, precisely as fossil shells were found in the hills. 
This splendid discovery of the identity of modem and 
ancient submarine operations was not made without 
the aid of artificial instruments, which, like the tele- 
scope, brought phenomena into view not otherwise 
within the sphere of human observation. 

In like manner, in the Vicentin, a great series of 

volcanic and marine sedimentary rocks was examined 

in the earlypart of the last century; but no geologists 

suspected, before the time of Arduino, that these were 

i partly composed of ancient submarine lavas. If, when 

I these inquiries were first made, geologists had been 

I told that the mode of formation of such rocks might 

I be fully elucidated by tiie study of processes then 

I going on in certain parts of the Mediterranean, they 

I would have been as incredulous as geometers would 

I have been before the time of Newton, if any one had 

1 informed them that, by making experiments on the 

I motion of bodies on the earth, they might discover the 

I laws which regulated the movements of distant planets. 

I The establishment, from time to time, of numerous 

I points of identification, drew at length from geologists 
a reluctant admission, that there was more correspond- 
ence between the physical constitution of the globe, 
I tesd more uniformity in the laws regulating the changes 
I ofits surface, from the most remote eras to the present, 
I than they at first imagined. If, in this state of the 
. science, they still despaired of reconciling every class 
I of geological phenomena to the operations of ordinary 
G 3 
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causes, even by straining analogy to the utmost limits 
of credibility, we might have expected, at least, tiiat 
the balance of probability would now have been pre- 
sumed to incline towards the identity of the causes. 
But, after repeated experience of the failure of 
attempts to speculate on different classes of geological 
phenomena, as belonging to a distinct order of things, 
each new sect persevered systematically in the prin- 
ciples adopted by their predecessors. iHiey invariably 
began, as each new problem presented itself, whether 
relating to the animate or inanimate world, to assume 
in their theories, that the economy of nature was ibr- 
merly governed by rules for the most part independent 
of those now established. Whether they endeavoured 
to account for the origin c^ certain igneous Podca, #r 
to explain the forces which elevated hills or excaivattd 
valleys, or the causes which led to the extinction 4£ 
certain races of animals, they first presupposed an 
original and dissimilar order of nature ; and when at 
length they approximated, or entirely came round to 
an opposite opinion, it was always with the feeling, 
that they conceded what they were justified d priori 
in deeming improbable. In a word, the same men 
who, as natural philosophers; would have been most 
incredulous respecting any extraordinary deviations 
firom the known course of nature, if reported to have 
hi^pened in Iheir cwn time, were equally disposed, as 
geologists, to expect the proofs of such deviations at 
every period of the past. 

I shall now proceed to enumerate some of the prin- 
cipal difficulties still opposed to the theory of the uni- 
formity of the causes which have worked suocesnv« 
fdianges in the crust of the earth, and in the condition 
of its living inhabitants. The discussion of so im<* 
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portant a ^estion od the present occasion may appear 
pmoatmey but it is one which naturally arises out of 
a review of the former history of the science. It is, of 
coursey impossible to enter fully into such speculative 
topics, without occasionally carrying the novice be- 
yond his depth, and appealing to fiicts and conclusions 
with whidi he must as yet be unacquainted; but his 
curiosity cannot fail fo be excited by having his atten- 
tion at <mce called to some of the principal points in 
eontroversyy and after reading the second, third, and 
fourth books, he may return again to these preliminary 
essajrs with increased interest and profit. 

F^rst, then, it is undeniable, that many objections to 
tlie doctrine of the uniform agency of geological causes 
hftve been partially or entirely removed by the pro- 
gress of the science during the last forty years. It 
was objected, for example, to those who endeavoured 
to explain the fcmnation of sedimentary strata by 
eauses now in diurnal action, that they must take for 
gcsnted incalculable periods of time. Now the time 
which they required has . since become equally requi- 
site to accoimt for another class of phenomena brought 
to light by more recent investigations. It must always 
have been evident to unbiassed minds, that successive 
atrata, containing, in regular order of superposition^ 
distinct shdls and corals, arranged in families as they 
grow at the bottom of the sea, could only have been 
formed by slow and insensible degrees in a great lapse 
of ages : yet, until organic remains were minutely 
examined and specifically determined, it was rarely 
possible to prove that the series of deposits met with 
m one country was not formed simultaneously with 
that found in another. But we are now able to deter- 
mine, in numerous instances, the relative dates of 

G 4t 
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sedimentary rocks in distant regions, and to show, \xy 
their organic remains, that they were not of contem- 
porary origin, but formed in succession. We often 
find, that where an interruption in the consecutive 
formations in one district is indicated by a sudden 
transition, from one assemblage of fossil species to 
another, the chasm is filled up, in some other district, 
by important groups of strata.* , 

The more attentively we study the European conti- 
nent, the greater we find the extension of the. whole 
series of geological formations. No sooner does the 
calendar appear to be completed, and the signs of t 
succession of physical events arranged in chronolo- 
gical order, than we are called upon to intercalate, ai 
it were, some new period of vast duration. A geolo. 
gist, .whose observations have been confined to En gj imd, 
is accustomed to consider the superior and newer 

groups of marine strata in our island as modem^i and 

such they are, comparatively speaking; but when he 
has travelled through the Italian peninsula and Sicily, 
and has seen strata of more recent origin forming 
mountains several thousand feet high, and has marked 
a long series both of volcanic and submarine operations, 
all newer than any of the regular strata which enter 
largely into the physical structure of Great Britain, he 
returns with more exalted conceptions of the antiquity 
of some of our modern deposits than he before enter- 
tained of the oldest of the British series. 

We cannot reflect on the concessions thus extorted 
fron^ us, in regard to the duration of past time, without 
foreseeing that the period may arrive when part of the 
Huttonian theory will be combated on the ground of 

* See Book iv. chap. iii. 
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it3 departing too far from the analogy of the present 
course of nature. On a closer investigation of extinct 
Tolcanos, we find proofs that they broke out at succes- 
sive eras, and that the eruptions of one group were 
often concluded long before others hail commenced 
their activity. Some were burning when one class of 
organic beings were in existence, others came into 
action when a different and new race of animals and 
plants existed: — it is more than probable, therefore, 
that the convulsions caused by subterranean move- 
ments, which seem to be merely another portion of the 
volcanic phenomena, have also occurred in succession ; 
and their effects must be divided into separate sums, 
and assigned to separate periods of time. Nor is this 
all: when we examine the volcanic products, whether 
they be lavas wliich flowed out under water, or upon 
dry land, we find that intervals of time, often of great 
length, intervened between their formation, and that 
the effects of single eruptions were not greater in 
amount than those which now result from ordinary 
volcanic convulsions. The accompanying or preced- 
ing earthquakes, therefore, may be considered to have 
been also successive, often interrupted by long inter- 
vals of time, and not to have exceeded in violence those 
now experienced in the ordinary course of nature. 

Already, therefore, may we regard the doctrine of 
the sudden elevation of whole continents by paroxysmal 
eruptions as invalidated; and there was the greatest 
inconsistency in the adoption of such a tenet by the 
Huttonbns, who were anxious to reconcile former 
changes to the present economy of the world. It was 
contrary to analogy to suppose, that Nature had been 
at any former epoch parsimonious of time and prod 
of violence — to imagine that one district wa 
a5 
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rest, while another was c(mTulsed'--^that the dtatub- 
ing forces were not kept under subjection^ so as never 
to carry simultaneous havoc and desolation over die 
whole earth, or even over one great re^on. J£ H 
could have been shown, that a certain oombination of 
circumstances would at some future period prodooe a 
crisis in the subterranean action, we should certainly 
have had no right to oppose our experience for die 
last three thousand years as an argument againit dK 
probability of such occurrences in past agei ; but it if 
not pretended that such a combination can be fbreaeen. 
In speculating on catastrophes by water, we msj 
certainly anticipate great floods in future ; andwemsj 
therefore presume that they have happened ^ain tad 
again in past times. The existence of enormous seti 
of fresh water, such as the North American lakes, die 
surface of the largest of which is elevated more dun 
six hundred feet above the level of the ocean, and ii 
in parts twelve hundred feet deep, is alone sufficient to 
assure us, that the time may come, however distant, 
when a deluge may lay waste a considerable part of the 
American continent. The depression, moreover, of 
part of Asia, bordering the Caspian Sea, to a depth 
of from one to three hundred feet below the level of 
the ocean, might easily give rise to a similar cata- 
strophe.* No hypothetical agency is required to cause 
the sudden escape of the waters. Such changes of 
level, and opening of fissures, as have accompanied 
earthquakes since the commencement of the present 
century, or such excavation of ravines as the receding 
cataract of Niagara is now effecting, might breach die 
barriers. Notwithstanding, therefore, that we have 

* See Book ir» 
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not witnesBed within the last three thousand years the 
devastation by deluge of a large continent, yet, as we 
may predict the future occurrence of such catastrophes, 
we are authorized to regard them as part of the present 
order of Nature ; and they may be introduced into 
geological speculations respecting the past, provided 
we do not imagine them to have been more frequent 
or general thaa we expect them to be in time to 

The great contrast in tl)e aspect of the older and 
newer rocks, in texture, structure, and the derange- 
ment of the strata, appeared formerly one of the 
strongest grounds for presuming that the causes to 
which tliey owed their origin were perfectly dissimilar 
from those now in operation. But this incongruity may 
be tlie result of subsequent modifications, since the 
difierencc of relative age ia demonstrated to hav-e 
been immense, so that, however slow and insensible 
the change, it must have become important in the 
course of so many ages. In addition to the induence 
of volcanic heat, we must allow for the effect of me- 
chanical pressure, of chemical affinity, of percolation 
by mineral waters, of permeation by elastic fluids, and 
the action, perhaps, of many other forces less under- 
stood, such aa electricity and magnetism. The ex- 
treme of alteration which may thus be effected, is 
probably exemplified in the highly crystalline, or gra- 
nitiform, strata, to which the name of primary is 
usually given; but the theory of their origin must be 
postponed to the concluding chapters of the fourth 
Book. 

In regard to the signs of the upraising, sinking, 
fracture, and contortion of rocks, it is evident that 
newer strata cannot be shaken by earthquakes, unless 
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the subjacent rocks are also affected; so that the con- 
trast in the relative degree of disturbance in the more- 
ancient and the newer strata, is one of many proofii 
that the convulsions have happened in different eras, 
and the &ct confirms the uniformity of the .action of- 
subterranean forces, instead of their greater violenoe 
in the primeval ages. 

Doctrine cf Universal Formations. — The popular 
doctrine of universal formations, or the unlimited 
geographical extent of strata, distinguished by similar 
mineral characters, appeared for a long time to present 
insurmountable objections to the supposition, that the 
earth's crust had been formed by causes now acting. 
If it had merely been assumed, that rocks originating 
from fusion by subterranean fire presented in all parts 
of the globe a perfect correspondence in their mineral 
composition, the assumption would not have been 
extravagant; for, as the elementary substances that 
enter largely into the composition of rocks are few in 
number, they may be expected to arrange them- 
selves invariably in the same forms, whenever the 
elementary particles are freely exposed to the action 
of chemical affinities. But when it was imagined that 
sedimentary mixtures, including animal and vegetable 
remains, and evidently formed in the beds of an- 
cient lakes and seas, were of a homogeneous nature 
throughout a whole hemisphere, the dogma pre- 
cluded at once all hope of recognizing the slightest 
analogy betwen the ancient and modem causes of 
decay and reproduction. We know that existing 
rivers carry down from different mountain nli|>in« 
sediment of distinct colours and composition : where 
the chains are near the sea, coarse sand and gravel 
18 swept in ; where they are distant^ the finest mud. 



We know, also, that the matter introduced by springs 
into lakes and seas is very divorsifieil in mineral 
composition ; in short, contemporaneous strata now in 
the progreBS of formation are greatly varied in their 
composition, and cou!d never afford formations of 
homogeneous mineral ingredients co-extensive with 
the greater part of the earth's surface. 

This theory, however, is in truth as inapplicable to 
the geological raonumeola found in the earth's crust, 
as to the effects of existing causes. The first investi- 
gators of sedimentary rocks had never reflected on the 
great areas occupied by the modern deltas of large 
rivers ; still less on the much greater areas over which 
marine currents, preying alike en river-deltas, and con- 
tinuous lines of sea-coast, diffuse homogeneous mix- 
tures. They were ignorant of the vast spaces over 
which calcareous and other mineral springs abound upon 
the land and in the sea, especially in and near volcanic 
regions, and of the quantity of matter discharged by 
them. When, therefore, they ascertained the extent 
of the geographical distribution of certain groups of 
ancient strata — when they traced them continuously 
from one extremity of Europe to the other, and found 
them flanking, throughout their entire range, great 
mountain chains, they were astonished at so unexpected 
a discovery; and, considering themselves at liberty to 
disregard all modern analogy, they indulged in the 
sweeping generalization, that the taw of continuity 
prevailed throughout strata of contemporaneous origin 
over the whole planet. The difficulty of dissipating 
this delusion was extreme, because some rocks, formed 
under similar circumstances at different epochs, pre- 
sent the same external characters, and ohea the same 
internal composition ; and all these were aa%ijm.«4. \» 
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be ccmtemporaneous until the contrarj could be ahowii, 
which, in the absence of evidence derived fram direct 
snperpositiony and in the scarcity of organfe reoudiii, 
was often impossiUe. 

InnumenMe other false generalizations have been 
derived from the same source ; such, for iDstanoe, n 
the former universality of the ocean, now di^iroved 
by the discovery of the remains of terrestrial vegetatioo 
in strata of every age, even the most ancieDt* But I 
shall dwdl no longer on exploded errors, but proceed 
at once to contend against weightier objections) wiikh 
will require more attentive consideration. 




FTRTBER EXAUINATIOK OP THH QUESTION AS TO 



Proofi that ihe climBle of the Northern Hemisphere was formerly 
hotter — Direct proof} from the organic remains of the Sicilian 
and Italian strata — Proofs from Biudogj derived from eitinct 
Quadrupeds — Imbedding of animaU m Icebergs — SiberiaD 
Mammoths (p. 141.) — Evidence io regard to temperature, 
iiom the fossils of tertiary and secondary rocks (p. 153.) — 
From the Plants of the Coal formation — Northern limit of 
these fossils — Whether such plants cotdd endure tiie long con- 
tinuance of an arctic night (p. 155.). 

Climate of the Northern Bemiaphere formfrly ItoUer. — 
That the climate of the Northern hemisphere has un- 
dergone an important change, and that its mean annual 
temperature must once have resembled that now ex- 
perienced within the tropics, was the opinion of some 
of the first naturalists who investigated the contents 
of the ancient strata. Their conjecture became more 
probable when the shells and corals of the secondary 
TOcks were more carefully examined; for these organic 
remains were found to be intimately connected by 
generic affinity with specieB now h'ving in warmer 
latitudes. At a later period, many reptiles, such as 
turtles, tortoises, and large saurian animals, were dis- 
covered in European formations in great abundance; 
and they supplied new and powerful arguments, irom 
analogy, in support of the doctrine, ihaX VW Wsix di 
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the climate had been great when our secondarj strata 
were deposited. Lastly, when the botanist turned hii 
attention to the specific determination of fossil plaati^ 
the evidence acquired the fullest confirmation ; for die 
flora of a country is peculiarly influenced by tempe^ 
ature : and the ancient vegetation of the earth might, 
more readily than the forms of animals, have affocded 
conflicting proofs, had the popular theory been without 
foundation. When the examination of animal tad 
vegetable remains was extended to rocks in the nmt 
northern parts of Europe and North America,'^ 
even to the Arctic regions, indications of the sane 
revolution in climate were discovered. 

It cannot be said, that in this, as in many other de- 
partments of geology, we have investigated the piw- 
nomena of former eras, and neglected those of tlie 
present state of things. On the contrary, since tlie 
first agitation of this interesting question, the acces- 
sions to our knowledge of living animals and planti 
have been immense, and have far surpassed all- the 
data previously obtained for generalizing, conceming 
the relation of certain types of organization to parti- 
cular climates. The tropical and temperate zones of 
South America and of Australia have been explored; 
and, on close comparison, it has been found, that 
scarcely any of the species of the animate creation in 
these extensive continents are identical with those in- 
habiting the old world. Yet the zoologist and botaniit, 
well acquainted with the geographical distribution of 
organic beings in other parts of the globe, would hare 
been able, if distinct groups of species had been pre- 
sented to them from these regions, to recognize those 
which had been collected from latitudes within, and 
those which were broug^ht from without the tropics. 
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Before I attempt to explain the probable causes of 
great Ticissitudes of temperature on the earth's sur- 
fiice, I shall lake a rapid view of aome of the principal 
data which appear to support the popular opinions 
now entertained on the subject. To insist on the 
soundness of these inferences, is the more necessary, 
because some zoologists have of late undertaken to 
vindicate the uniformity of the laws of nature, not by 
accounting for former fluctuations in climate, but by 
denying the value of the evidence in their favour.* 

ZHreet proof » from the fossil remains of livixg gpemet. 
— It is not merely by reasoning from analogy that we 
are led to infer a diminution of temperature in the 
climate of Europe ; there are direct proofs in con- 
firmation of the same doctrine, in the only countries 
hitherto investigated by expert geologists where we 
could expect to meet with such proofs. It is not in 
England or Northern France, but around the borders 
of the Mediterranean, from the South of Spain to 
Calabria, and in the islands of the Mediterranean, that 
we must loolf for conclusive evidence on this question ; 
for it is not in strata where the organic rfln\ains belong 
to extinct species, but where living species ^ound in 
a fossil state, tliat a theory of climate can be subjected 
to the expertmentum crucis, In Sicily, Ischia, and 
Calabria, where the fossil testacea of the more recent 
strata belong almost entirely to species now inhabiting 
tlie Mediterranean, the conchologist remarks, that in- 
dividuals in the inland deposits of):ea exceed in their 
average size their living analogues, as if the circum- 

* See two articles by the Rev. Dr. Fleming, in the Edinburgh 
New Phil. Journ. No. xii. p. fi77-i AptU, IS99t and Nft aiv. 

p. 65., Jan. tS30. . .(i/.i<m.... - , .< ■ , t ; ,i -.^ .!> 
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alBBces under which they ibrmerlj lived were more 
iswuanble to their development. Yet no doubt can 
pB entertained of their specific identity on the groiuMl 
of such difference in their dimensions ; because liviag 
individuals of many of libese species sdll attain, in 
warmer latitudes, the average nze of the fossils. 

I collected several hundred species of shells in Sicily, 
at Afferent elevations, sometimes from one thouaand 
to three thousand feet above the level of the sea; and 
forty species or more in Isdiia, partly from an eleva- 
tion c£ above one thousand feet* and these were care- 
fully compared with recent shells procured by Pro- 
fiBSSor O. G. Costa, from the Neapolitaa seas. Not 
only were the fossil species for the most part identiad 
widi those now living, but the relative abundanoe in 
which different species occur in the strata and m the 
sea corresponds in a remarkable manner. Yet the 
IsKgear average size of the fossil individuals of BMyay 
ipecies was very striking. A comparison of the fosal 
shells of the more modem strata of Calahrim and 
Otranto, in the collection of Fk^ofessor Costa, afforded 
aioBilar resnlta^ 

As we proceed northwards in the Italian peninaulay 
nd pass from the region of active to that of extioct 
viokanos, we find the assemblage of fossil shells, in the 
nodem (Subapennine) strata, to depart somewhat 
more widely from the type of the neighbouring seas. 
The proportion of species identifiable widi those dow 
living in the Mediterranean is still considerd>le^ Smt 
it no longer predominates, as in the Soulh of Italy» 
over the unknown species. Although occurring in 
localities which are removed several degrees farther 
from the equaUn* (as at Sienna, Parma, Asti, &c.), the 
shells yield dear indications of a hotter dimate. Many 



tlLrtl IN THE NORTHSRH RBMISPHERE. 180 

of tiieiii are oomoMm to the Subspennine hillt, to the 
Mediterranean, and to the Indian Ocean. Those in 
the fbasfl state, <and their living analogues from the 
tropics, correspond in size ; whereas the indiriduals of 
the same species from the Mediterranean are dwarfish 
and appear degenerate, and stunted in their growth, 
^ want of conditions which the Indian Ocean still 
supplies.* 

Tins eridence is of great weight, and is not neu- 
tralised by any facts of a conflicting character ; such, 
for histanoe, as the association, in the same group, of 
indhrfidusls referrible to species now confined to arctic 
regions. Whenever any of the fossil sheUs are identi- 
fied with Irring species foreign to the Mediterranean, 
k b not in the Northern Ocean, but between the 
trof^CB, that tibey must be sought f : on the other hand. 



• Frof«B8on Guidotti of Parma, and Bonelli of Turin, pointed 
oat fo me, in 1828, many examples in confirmation of this point. 
Among others, I may mention that Bulla iignaria, a very com- 
BMm diell, is invariably found fossil in the nortli of Italy of the 
■one magnitude as it now reaches in the Indian sea, and mneh 
OMller in a living atate in the Mediterranaaa. Indifiduals, bow* 
ever, of tbis great size are said to have been found at La Rochelle. 
The eommoB Orthoceras of the Mediterraneai^, O. raphanista, 
attains larger average dimensions in a fossil, than in a recent 



f Hius, for example, Rostellaria curvirostris, found fossil by 
8ignor Bonelli near Turin, is only known at present as an Indian 
afaell. Mures comutns, fossil at Asti, is now only knovm recent 
in warmer latitudes, the only localities given by limueua and 
lAmarck being the African and Great Indian Oceans. Senegal 
tt tbe principal known habitat at present. Conus antediluvi- 
anna cannot be distinguished from a sh^ now brought fWmi 
Owhyiiee. Among other familiar instances mentioned to me by 
Italian naturalists, in confirmation of the sama point, Bucdnum 
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the associated unknown species belong, for the most 
part, to genera which are now most largely developed 
in equinoctial regions, as, for example, the genera 
Pleurotoma and Cypraea.* 

On comparing the fossils of the tertiary deposits of 
Paris and London with those of Bordeaux, and these 
again with the more modem strata of Sicily, Mv^e shooM 
at first expect that they would each indicate a hi^m 
temperature in proportion as they are situated fartte 
to the south. But the contrary is true ; many shdls I 
are common to all these groups, and some of tfaeri^ ' 
both freshwater and marine, are of species still Hviiy. 
Those found in the older, or Eocene deposits of Pnii 
and London, although 6^ or 7^ N. of the Miocene 
strata at Bordeaux, afford evidence of a - wanner 
climate ; while those of Bordeaux imply that the sea 
in which they lived was of a higher temperature than 
that of Sicily, where the shelly strata were formed six 
or seven degrees nearer to the equator. In these 
cases the greater antiquity of the several formations 
(the Parisian being the oldest and the Sicilian the I 
newest) has more than counterbalanced the influence ': 
which latitude would otherwise exert, and this phe* | 

clathratum, Lam., was cited ; but Professor Costa assured me 
that this shell, although extremely rare, still occurs in the MedU 
terranean. M. Deshayes informs me that he has received it from 
the Indies. 

* Of the genus Pleurotoma a very few living representatives 
have yet been found in the Mediterranean ;• yet no less tim 
twenty-five species are now to be seen in the museum at Tiuob, sll 
procured by Professor Bonelli from the Subapennine strata of 
northern Italy. The genus Cyprsea is represented by many bo^ 
fossil species in the Subapennine hills, with which are associated 
one small and two or three minute species of the same genus, noir 
found in the Mediterranean. 
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nomena clearly points to a gradual refrigeration of 
climate. 

Silierian Matnmothg. — In the superficial JepoaitB of 
sand, gravel) anil loam, strewed very generally over all 
parts of Europe, the remains of extinct species of land 
quadrupeds have beeo found, especially in places 
where the alluvial matter appears to have been washed 
ioto small lakes, or into depressions in the plama bor- 
dering ancient rivers. Similar deposits have also 
been lodged in rents and caverns of rocks where they 
may liave been swept in by land floods, or introduced 
by engulphed rivers during changes in the physical 
geography of countries. The various circumstances 
under which the bones of animals have been thus pre- 
served will be more fully considered hereafter •; I 
shall only state here, that among the extinct mam- 
inalia thus entombed, we Gnd species of the elephant, 
rhinoceros, hippopotamus, bear, hyjena, lion, tiger, 
and many others ; consisting for the most part of 
genera now confined to warmer regions. 

It has been inferred that the same change of climatf 
which has caused certain Indian species of testacea to 
become rare, or to degenerate in size, or to disappear 
from the Mediterranean, — and certain genera of the 
Subapenninc hills, now exclusively tropical, to retain 
no longer any representatives in the adjoining seas, — 
may also have contributed to the annihilation of the 
mammiferous genera which formerly inhabited the 
continents. It is certainly probable that, when these 
animals abounded in Europe, the climate was milder 
than that now experienced, but they by no means 

* Book ilL chaps. 14, 15, &c. 
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appear to have required a tsropical heat. The biypffyo- 
tamus is now only met with in rivers where the tenper- 
ature of the water is warm and nearly uniform, but die 
great fbssil species of the same genus (IT. nM^, CurO 
certainly inhabited England when the testacca of sv 
country were nearly the same as those now exiata^ 
anci when the climate cannot be supposed to have bees 
very hot. The bonea of this animal have lately bees 
found by Mr. Strickland, together with thoae of a hm 
and other mammalia, at Croptfaom, near EveahaiD» ii 
Woreestershire, in alluvial sand, together with twenfef* 
three species of terrestrial and freshwater ibeUa, A 
with two exceptions, of British q>ecies. Tlie bedrf 
sand, containing the shells and bones, reposes ob 1m^ 
and is covered with alternating strata of gravel, wmi 
and loam. * 

The mammoth also appears to have existed in Eof- 
land when the temperature of our latitudes could nol 
have been very different from that which now prevaib ; 
for remains of this animal have been found at Nortb 
Cliff, in the county of York, in a lacustrine formation, 
in which all the land and freshwater shells, thirteen is 
number, can be identified with species and varietiM 
now existing in that county. Bones of the bison als0i 
an animal now inhabiting a cold or temperate dimata^ 
have been found in the same place. That these quait 
mpeds, and the indigenous species of teatacea aaso- 
ciated with thera, were all contemporary inhabitants of 
Yorkshire, has been established by unequivoc^al proo£ 
The Rev. W. V. Vernon Harcourt caused a pit to be 
sunk to the depth of twenty-two feet through undis« 
turbed strata, in which the remains of the mammoth 

* GeoL Proceedia^, No. 36. June, 1834. 



Ct, VI,] SlBEBrAN MAMMOTHS, 14S 

were found imbedded, tf^ether with tiie shells, in a 
deposit which bad evidently rcBulted from tranquil 
waters.* 

When reasoniog on these phenomena, the reader 
must always bear in mind that the fasaii. individuals 
belonged to species of elephant, rhinoceros, hippopo- 
tamus, bear, tiger, and hjsena, distinct from those 
which now dwell within or near the tropics. Dr. 
Fleming, in a discussion on this subject, has well re- 
marked that a near resemblance in form and osteolo- 
gical structure is not always followed, in the existing 
creation, by a similarity of geographical distribution ; 
aad we must therefore be on our guard against decid- 
ing too confidently, from mere analogy of anatomical 
gtnicture, respecting the habits and physiological pecu- 
liarities of specieg, now no more. " The zebra delights 
to roam over the tropical plains, to which it is Jn a great 
measure restricted; while the horse can maintain its 
existence throughout an Iceland winter. The buffalo, 
like the zebra, prefers a high temperature, and cannot 
thriTe even where the common ok prospers. The musk 
OX, on the other band, though nearly resembling the 
bufialo, prefers the stinted herbage of the arctic re- 
gions, and is able, by its periodical migrations, to out- 
line a northern winter. The jadtal {Canis aureus) 
inhabits Africa, the wamner parts of Asia, and Greece ; 
while the isatia (^Canis loffoptit) resides in the arctic 
regions. The African hare and the polar hare have 
their geographical distribution expressed in their trivial 
namesf ;" and different species of bears thrive in tro- 
pical] temperate, and arctic latitudes. 

• Phi!. Mag., Sept. 1820 and Jan. 1830. 

t Flcnung, Ed. New Pliil. Journ., No. 19. p. 282, 1,619. 
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Recent investigations have placed beyond all 6aA 
the important fact that a species o£ tiger, idential 
with that of Bengal, is common in the neighbouriiood 
of Lake Aral, near Sussac, in the forty-fiflth degree tf 
north latitude ; and from time to time this animal ■ 
now seen in Siberia, in a latitude as far north as the 
parallel of Berlin and Hamburgh.* Humboldt n* 
marks that the part of southern Asia now inhabited ii|f 
this Indian species of tiger is separated from the Hinfr 
laya by two great chains of mountains, each coven^ 
with perpetual snow, — the chain of Kuenlun,lat.35°Ki 
and that of Mouztagh, lat. 42^^ — so that it ia impflaaHf 
that these animals should merely have made excuiiMi 
from India, so as to have penetrated in summer to At 
forty-eighth and fifty-third degrees of north lathudbi 
They must remain all the wmter north of the Moo* 
tagh, or Celestial Mountains. The last tiger kiUedtii 
1828, on the Lena, in lat. 52^°, was in a climate cdUcr' 
than that of Petersburgh and Stockholm.-|- 

We learn from Mr. Hodgson's account of the msB- 
malia of Nepal, that the tiger is sometimes found it 
the very edge of perpetual snow in the Himalaya t ; oi ! 
Pennant mentions that it is found among the snows d [ 
Mount Ararat in Armenia. 

A new species also of panther (Felt* irbis)^ covered 
with long hair, has been discovered in Siberia, evidendj 
inhabiting, like the tiger, a region north of the Celestid 
Mountains, which are in lat. 4«2^.§ 

The two-horned African [rhinoceros occurs without 
the tropics at the Cape of Good Hope, in lat. W 

* Humboldt, Fragmens de Geologic, &c., tome ii. p. 388. 
Ehrenberg, Ann. des Sci. Nat., tome xxi. p. S87. 
f Ehrenberg, ibid. p. 390. 
I Joum. of Asiat. Soc., vol. L p. 240. 
§ Ehrenberg, ibid. 
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39' S., where it is accompanied by tlie elephant, hippo- 
potamus, and hyKna. Here the migration of all these 
species towards the south is arrested by the ocean ; 
but, if the continent had been prolonged still farther, 
and the laod had hcen of moderate elevation, it is very 
probable that they might have extended their range to 
a greater distance from the tropics. 

Now, if the Indian tiger can range in our own times 
to the southern borders of Siberia, or skirt the snows 
of the Himalaya, we may easily imagine that large 
species of the same genus may once have inhabited our 
temperate climaies. The mammoth [E, pHmigenius), 
already alluded to as occurring ibssiJ in England, was 
decidedly different from the two existing species of 
elephants, one of which is limited to Asia, south of 
the 31° of N. lat., the other to Africa, where it ex- 
tends, as before stated, as far south as the Cape of 
Good Hope. The bones of the great fossil species 
are very widely spread over Europe and North Ame- 
rica ; but are nowhere in such profusion as in Siberia, 
particularly near the shores of the frozen ocean. Are 
we, then, to conclude that this animal preferred a polar 
climate F If so, by what food was it sustained, and 
why does it not still survive near the arctic circle ? 

Patias and other writers describe the hones of the 
mammoth as abounding throughout all the Lowland of 
Siberia, stretching in a direction west and east, from 
the borders of Europe to the extreme point nearest 
America, and south and north, from the base of the 
mountains of central Asia to the shores of the arctic 
sea. Within this space, scarcely inferior in area 
to the whole of Europe, fossil ivory has been col- 
lected almost every where, on the banks of the Irtish, 
Oby, Yenesei, Lena, and other rivers. The elephan- 

VOL. I. H 
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tine remains do not occur in the masrAcB and lor 
j^ains, but where the banks of the riy^rs presest k% 
precipices of sand and clay ; from which circunutaaos 
Pallas very justly inferred that, if sections could be 
obtained, similar bones might be found in all tbe 
elevated lands intervening between the great riven 
Strahlenberg, indeed, had stated, before the dae 
of Pallas, that wherever any of the great rivers am- 
flowed and cut out fresh channels daring floods, von 
fossil remains of the same kind were invariably diadosei 
As to the position of the bones, Pailaa found thai 
m some places imbedded together with marine » 
mains ; in others, simply with fossil wood, or ligail 
such, as he says, might have been derived fixMn 
bonised peat. On the banks of the Yeneaei, belowlk i 
city of Krasnojarsk, in lat. 56^, he observed. grindt^J 
and bones of elephants, in strata of yellow and rail 
alternating with coarse sand and gravel, in which 
also much petrified wood of the willow and other treal 
Neither here nor in the neighbouring country wot 
there any marine shells, but merely layers of Uad 
coal.* But grinders of the mammoth were colleclei 
much farther down the same river, near the ff ^fl, k 
lat. 70^, mixed with marine petrifactions. •{- Maf 
o€her places in Siberia are cited by Pallas, where lei 
shells and fishes* teeth accompany the bones of tk 
■aammoth, rhinoceros, and Siberian buffido, or 
\Bo8 priscus). But it is not on the Oby nor the Yc- 
nesei, but on the Lena, farther to the east, wheK, is 
the same parallels of latitude, the cold is &r moic 
sitense, that fossil remains have been found in Ae 
fDOSt wonderful state of preservation. In 177^, Pklhi 
obtained from Wil^uiskoi, in lat. 64°, from the banks rf 

* Pidlas, Rose in Rnss. Reiche, pp. 409, 410, 
f Not. Com. Petrop. yoL 17. p. 584. 
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the Wiljui, a tributary of the Lena, the carcass of a 
rhinoceros (Ji. liehorhinus), taken from the Band in 
which it must have remamed congealed for ages, the 
soil of that region being always frozen to within a 
sLght depth of the surface. Tliis carcass was com- 
pared to a natural mummy, and emitted an odour like 
putrid tiesh, part of the akin being still covered with 
black and gray hairs. So great, indeed, was the quan- 
tity of hair on tlie foot and head conveyed to St. 
Petersburg, that Pailas asked whether the rhinoceros at 
the Lena might not bsve been an inhabitant of the tem> 
perate regions of middle Asia, its clothing being so much 
warmer than that of the African rhinoceros." After 
more than SO years, the entire carcas£ of a mammoth wag 
obtained in 1803, by Mr. Adams, much farther to the 
north. It fell from a mass of ice, in which it had been 
encased, on the banks of the Lena, in lat. 70° ; and bo 
perfectly had the soft parts of the carcass been pre- 
served, that the flesh, as it lay, was devoured by wolves 
and bears. This skeleton is still in the museum of St. 
Petersburg, the head retaining its integument and 
many of the ligaments entire. The skin of the animal 
was covered, first, with black bristles, thicker than 
horse hair, from twelve to sixteen inches in length; 
secondly, with hair of a reddish brown colour, about 
four inches long ; and thirdly, with wool of the same 
colour as the hair, about an inch in length. Of the 
fur, upwards of thirty pounds' weight were gathered 
from thewet sand-bank. The individual was nine feet 
high, and sixteen feet long, without reckoning the 
large curved tusks ; a size rarely surpassed by the 
largest living male elephants, f 

• Nov. Com. Pelnip. vol, 17. p- 591. 
t Journal du Nord, Si. Petersburg, 1807. 
H 2 
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It is evident, then, that the mammoth^ instead tf 
being naked, like the living Indian and African de- 
phants was enveloped in a thick shaggj covering of fiir, 
probably as impenetrable to rain and cold as that d 
the musk ox.* The species may have been fitted hj 
nature to withstand the vicissitudes of a northen 
climate ; and it is certain that, from the moment when 
the carcasses, both of the rhinoceros and ele^imA, 
above described, were buried in Siberia, in latitodei 
64^ and 70° N., the soil must have remained fiom^ 
and the atmosphere nearly as cold as at this day. 

* Fleming, Ed. New Phil. Journ., No. xii., p. 285. 

Bishop Heber informs us (Narr. of a Journey throDg|kii 
Upper Provinces of India, vol. ii. p. 166 — 219.)y that inii 
lower range of the Himalaya mountains, in the noitb-eM 
borders of the Delhi territory, between lat. 29^ and SOP, he 
an Indian elephant of a small size, covered with shaggy hair. 
this variety must be exceedingly rare ; for Mr. Royle (late 
intendant of the East India Company's Botanic Garden at Sik» 
ninpore) has assured me, that being in India when Heber*s Jon* 
nal appeared, and having never seen or heard of such elephut^ 
he made the strictest inquiries respecting the fact, and was vem 
able to obtain any evidence in corroboration. Mr. Royle xtaM 
at Saharunpore, lat 30° N., upon the extreme northern limii of At 
range of the elephant. Mr. Everest also declares that be has bat 
equally unsuccessful in finding any one aware of the existence i( 
such a variety or breed of the animal, though one solitary indin> 
dual was mentioned to him as having been seen at Delhi, willii 
good deal of long hair upon it. The greatest elevation, says ]fr> 
E., at which the wild elephant is found in the mountains to At 
north of Bengal, is at a place called Nahun, about 4000 feet aboie 
the level of the sea, and in the 31st degree of N. lat., where te 
mean yearly temperature may be about 64° Fahrenheit, and te 
difference between winter and summer very great, equal to abotf 
36° F., the month of January averaging 45°, and June, the bottot 
month, 81° F. (Everest on Climate of Foss. Eleph., Joun. of 
Asiat. Soc, No. 25, p. 21.) 
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So fresh is the ivory throughout northern RusBia, 
that, according to Tileeius, thousands of foesU tusks 
have been collected and used in turning; yet others 
are still procured and sold in great plenty. He de- 
clares his belief that the bones stilt left in northern 
Russia must greatly exceed in number all the ele- 
phants now living on the globe. 

We are as yet ignorant of the entire geographical 
range of this fossil mammoth ; but its remains have 
recently been collected from cliffs of frozen mud and 
ice on the east side of Behring's Straits, in Eschscholtz's 
Bay, in Russian America, lat. 66' N. As the cliffs 
waste away by the thawing of the ice, tusks and bonee 
fall out, and a strong odour of animal matter is exhaled 
from the mud.* 

On considering all the facts above enumerated, it 
seems reasonable to imagine that a large region in 
central Asia, including, perhaps, the southern half of 
Siberia, enjoyed, at no very remote period in the earth's 
history, a temperate climate, sufficiently mild to afford 
food for large herds of elephants and rhinoceroses, of 
species dutinct from those now living. At the time 
to nhich these speculations refer,, tlie Lowland of 
Siberia was probably less extensive towards the north 
than it is now ; but the existing rivers, tliough of 
inferior length, may have flowed from south to north, 
as at present, and, during inundations, may have swept 
the carcasses of drowned animals into lakes, or the 
sea, as do the Nile, Ganges, and other rivers in our 

In Siberia all the principal rivers are liable, like the 

* See Dr. Buckland's description of Iheie bones, Appen. lo 
Beechey'a Voy. 
■f- See Book iii. chipg. iv. and iii. 
H 3 
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Mackenzie, in North America, to remarkable lloo^ii 
consequence of flowing in a direction fltmi soatli It 
Borth ; for they are filled with ninning water in As 
upper course when completely fn»en orer lor seveiri 
hundred miles near thetr mouths. Here they renn 
Uocked up by ice for six months in every 3rear, mi 
the descending waters, finding no open c^hannely vaA 
over the ice; often changing their direction; and 
sweeping along forests and prodigious quantities of id 
and gravel mixed with ice. The rivers of this gnrt 
country are among the largest in the worid^ Ae 
Yenesei having a course of 2d00, the Letm ef 9000 
miles ; so that we may easily conceire that At b^ 
dies of animals which fall into their waters nay k 
transported to vast distances towards the arctic M^ 
and, before arriving there, may be stranded upon Aid; 
ice, and afterwards, when the ice breiAs up^ be floatril 
still farther towards the ocean, until at length ftqf 
become buried in fluviatile and submarine deposits nev 
the mouths of rivers. 

It would doubtless be impossible for herds of msn- 
moths and rhinoceroses to obtain subsistence at pre- 
sent, even in the southern part of Siberia, covered m 
it is during a great part of the year with mow : Iwt 
there is no difficulty in supposing a vegetation capable 
of nourishing these great quadrupeds to have once 
flourished between the latitudes 40^ and 60^ N., re- 
sembling perhaps that of England ; for we have sees 
that there are proofs of the mammoth having co- 
existed with a large proportion of the living species d 
British testacea. 

It has been well observed by Dr. Fleming, that ** the 
kind of food which the existing species of elephant 
prefers will not enable us to determine, or even to 



offer a, probable conjecture, concerniDg that of the 
extinct species. No one acquainted with the gra- 
mineous character of the food of our fallow-deer, 
stag, or roe, would have assigned a lichen to the rein- 
deer." 

Travellers mention that, even now, when the climata 
of eastero Asia is so much colder tlian the same 
parallels of latitude farther west, there are woods not 
only of fir, but of birch, poplar, and aider on the 
banks of the Lena as far north as latitude 60°. For- 
merly, when the arctic lands were less extensive, the 
temperature of the winter and summer may have been 
more nearly equalized, and the increasing severity of 
the winters, rather than a diminution of tlie mean 
annual temperature, may have been the chief cause of 
the extermination of the mammoth. It is probable 
that the refrigeration of the climate of north-eastern 
Asia was accompanied, and in a great measure caused, 
by changes in its physical geography. The whole 
country, from the mountains to the sea, may have 
been upraised by a movement similar to that which 
is now experienced in part of Sweden; and as the 
shores of the Gulf of Bothnia are extended not only 
by the influx of sediment brought down by rivers, but 
also by the elevation and consequent drying up of the 
bed of the sea, so a similar combination of causes may 
have extended the low tract of land where marine 
shells and fossil bones now occur in Siberia. 

It has been suggested, that as, in our own times, the 
northern animals migrate, so the Siberian elephant 
and rhinoceros may have wandered towards llie north 
in summer. The musk oxen annually desert their 
winter quarters in the south, and cross the sea upon 
the ice, to graze for four months, from May to Sep- 
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tember, on the rich pasturage of Melville Island, m 
lat. 75 ^ The mammoths, without passing so fiur b^ 
yond the arctic circle, may nevertheless have made 
excursions, during the heat of a brief northern summei^ 
from the central or temperate parts of Asia to the 
sixtieth parallel of latitude; in which case the carcasses 
of such as were drowned, or overwhelmed by dnft 
snow, may have been hurried down into the polar sea^ 
and imbedded in the deposits there accumulating. 

I have been informed by Dr. Richardson, that in tbe 
northern parts of America, comprising regions not 
inhabited by many herbivorous quadrupeds, the drift 
snow is often converted into permanent glaciers. Itii 
commonly blown over the edges of steep clifis, so as to 
form an inclined talus hundreds of feet high ; and wha 
a thaw commences, torrents rush from the land, and 
throw down from the top of the clifP alluvial soil.iiid 
gravel. This new soil soon becomes covered wiA 
vegetation, and protects the foundation of snow fitm 
the rays of the sun. Water occasionally penetrates 
into the crevices and pores of the snow; but, as it sood 
freezes again, it serves the more rapidly to consolidate 
the mass into a compact iceberg. It may sometimes 
happen that cattle grazing in a valley at the base of 
such cliffs, on the borders of a sea or river, may be 
overwhelmed, and at length enclosed in solid ice, and 
then transported towards the polar regions. 

The result of these investigations, therefore, mar 
lead us to conclude that the mammoth, and some other 
extinct quadrupeds fitted to live in high latitudes, were 
inhabitants of northern Asia at a time when the 
climate was milder, and more uniform, than at present 
Their extirmination was probably connected with 
changes in the physical geography of the arctic re- 
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gioDs, of which I shall consider the effects in the next 

Change of climate proved by fossils in older strata. — 
If we pass from the consideration of these more modern 
deposits, whether of marine or continental origin, in 
which existing species are abundantly intermixed with 
the extinct, to the older tertiary strata, we can only 
reason from analogy ; since none of the species of ver- 
tebrated animals, and scarcely any of the testacea of 
those formations, are identifiable with species now in 
being. In the deposits of that more remote period, we 
find the remains of many animals analogous to those of 
hot climates, such as the crocodile, turtle, and tortoise, 
together with many large sheila of the genus nautilus, 
and plants indicating such a temperature as is now 
found along the southern borders of the Mediter- 
ranean. 

A great interval of time appears to have elapsed 
between tlie formation of the secondary strata, which 
constitute the principal portion of the elevated land in 
Europe, and the origin of the last-mentioned Eocene 
deposits. In that great series of secondary rocks, 
many distinct assemblages of organized fossils are 
entombed, all of unknown species, and many of them 
referrible to genera and families now most abundant 
between the tropics. Among the most remarkable are 
many gigantic reptiles, some of them herbivorous, 
others carnivorous, and far exceeding in size any now 
known even in the torrid zone. The genera are for 
the most part extinct, but some of them, as the cro- 
codile and monitor, have still representatives in the 
warmer parts of the earth. Coral reefs also were evi- 
dently numerous in the seas of the same periods, and 
^ramposed of species belonging to genera now charac- 



lS4t GEOLOGICAL PROOFS OF (ftikl 

teristic of a tropicid climate. The number of toj 

large chambered shells also leads us to infer an elevalei 
temperature ; and the associated fossil i^ant^y idthong^ 
imperfectly known, tend to the same condiisiaDy the 
Cycadese constituting the most numerous fimiilj* 

But it is from the more ancient coal depositi dat 
the most extraordinary evidence has been supplied a 
proof of the former existence of an extremelj lal 
climate in those latitudes which are now the tempenfee 
and colder regions of the globe. It appears from the 
fossils of the carboniferous period, that the flora en* 
sisted almost exclusively of large vascular cryptogsBse 
plants. We learn, from the labours of M. Ad. Broif- 
niart, that there existed at that epoch Equiseta up 
wards of ten feet high, and from five to six inches a 
diameter; tree ferns, or plants allied to them, fiw 
forty to fifly feet in height, and arborescent Lyoopo* 
diaceae, from sixty to seventy feet high.* Of the above 
classes of vegetables, the species are all small at pre- 
sent in cold climates ; while in tropical regions there 
occur, together with small species, many of a much 
greater size, but their development, even in the hotteit 
parts of the globe, is now inferior to that indicated by 
the petrified forms of the coal formation. An elevated 
and uniform temperature, and great humidity in the sir, 
are the causes most favourable to the numerical pre- 
dominance and the great size of these plants within the 
torrid zone at present. It is true that, as the fossil flora 
consists of such plants as may accidentally have been 
floated into seas, lakes, or estuaries, it may very com- 
monly give a Mse representation of the numerical 
relations of families then living on the land. Yet^ after 

• Consid. G^n^rales sur la Nature de la V^g^tation^ &c. Aim. 
des Sci. Nat., Nov. 1828. 
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allowing for liability to error on these grounds, the 
argument founded on the comparative numbers of 
the fossil plaots of the carboniferous strata is very 

" In regard to the geographical extent of the ancient 
vegetation, it was not conlined," says M. Brongnitirt, 
" to a small space, as to Europe, for example ; for 
the same forms arc met with again at great distances. 
Thus, the coal plants of North America are, for the 
most part, identical with those of Europe, and all be- 
long to the same genera. Some specimens, also, from 
Greenland, are referrible to ferns, analogous to those 
of our European coal mines." * 

The fossil plants hrought from Melville Island, 
although in a very imperfect state, have been sup- 
posed to warrant similar conclusions f ; and assuming 
that they agree with those of Baffin's Bay, mentioned 
by M, Brongniart, how shall we explain the manner in 
which such a vegetation lived through an arctic night 
of several months' duration ? J 

This point has of late been dwelt upon by Professor 
Lindley, as one of considerable difficulty § ; and he is 
even inclined to resort again to the favourite hypothesis 
of earlier theorists — a derangement in the position of 

• PmlrDRie d'une Hist, del Vt.'gtl. Fuss. p. 1 79. 

f Kiinig, Journ. of 8d. vol iv. p. BO. Mr. Konig informs 
me, thai ha no longer believes an; of Ihese fossils to be tree r<!rtis, 
OS he at first stated, but tbat tbey agree wiih tropical forms of planu 
in our Ettglish toaI-bed<. The Melville Inland specimens, now 
in the British- MuHUm, are very obscure imprenions. 

t Fosiil Flora of Great Britain, by John Lindley ind WiUiam 
ijutton, Esqra. No. IV. 

§ Fossil Flora, No. IV. ; and in his Lectures. Mr. Lindley tells 
me, howeier, that be has not yet (Oct. IS33) bad opportunities of 
siamining the fossil plants of high latitudes. 
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the earth's axis of rotation. But all astronomers are 
agreed that speculations on such a change are inad- 
missible, as being incompatible with the laws of equili- 
brium. Even if a catastrophe, such as the collision of 
a comet, be called in, and admitted as adequate to alter 
the obliquity of the axis, the problem is by no meau 
solved; for in that case the seas would have all rushed 
to the new equator, and would probably still be insuf- 
ficient to restore equilibrium.* 

It may seem premature to discuss the question nor 
raised, until the true nature of the fossil flora of die 
arctic regions has been more accurately determined; 
yet, as the question has attracted some attention, let 
us assume for a moment, that the coal plants of Md- 
ville Island are strictly analogous to those of Nordi- 
umberland — would such a fact present an inexplicabie 
enigma to the vegetable physiologist ? 

Plants, it is affirmed, cannot remain in darkneo, 
even for a week, without serious injury, unless in i 
torpid state ; and if exposed to heat and moisture they 
cannot remain torpid, but will grow, and must there- 
fore perish. If, then, in the latitude of Melville Island, 
75° N., a high temperature, and consequent humidity, 
prevailed at that period when we know the arctic seas 
were filled with corals and large multilocular shellS) 
how could plants of tropical forms have flourished? 
Is not the bright light of equatorial regions as indis- 
pensable a condition of their well-being as the sultry 
heat of the same countries? and how could they annually 
endure a night prolonged for three months ? f 

Now, we must bear in mind, in the first place, that, 

* Mrs. Somerville's Mech. of Heai^ens, Prel. Disc. p. 38. 
t Fossil Flora, No. IV. 
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SO far as experiments have been made, there is every 
reason to conclude, that the range of intensity of light 
to wlikh living plants can accommodate themselves is 
fer wider than that of heat. No palms or tree fema 
can live in our temperate latitudes without protection 
from the cold; but when placed in hot-houses they 
grow luKuriaotly, even under a cloudy sky, and where 
much light is intercepted by the glass and frame- 
work. At St. Petersburg, in lat 60° N., these plants 
have been successfully cultivated in hot-houses, al- 
though there they must exchange the perpetual equi- 
nox of their native regions for days and eights which 
are alternately protracted to nineteen hours and 
shortened to five. How raucii farther towards the 
pole they might continue to live, provided a due quan- 
tity of heat and moisture were supplied, has not yet 
been determined ; but St. Petersburg is probably not 
the ulmost limit, and we should expect that in lat. 65° 
at least, where they would never remain twenty-four 
hours without enjoying the sun's light, they might 

Nor must we forget that we are always speaking of 
living species forined to inhabit within or near the 
tropics. Tlie coal plants were of perfectly distinct 
species, and may have been endowed with a different 
constitution, enabling them to bear a greater variation 
of circumstances in regard to light. We find that par- 
ticular species of palms and tree ferns require at pre- 
sent different degrees of heat ; and that some species 
can thrive only in the immediate neighbourhood of 
the equator, others only at a distance from it. In the 
same manner the minimum of light, sufficient for the 
now existing species, cannot be taken as the standard 
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for all analogous tribes that may ever have flouridied 
on the globe. 

But granting that the extreme northern point to 
which a flora like that of the carboniferous era could 
ever reach may be somewhere between the latitades 
of 65® and 70®, we should still have to inquire whether 
the vegetable remains might not have heen drifted 
from thence, by rivers and currents, to the paralld of 
Melville Island, or still farther. In the northern hemi- 
sphere, at present, we see that the materials for futme 
beds of lignite and coal are becoming amassed in b^ 
latitudes, far from the districts where the forests grew, 
and on shores where scarcely a stunted shrub can nm 
exist. The Mackenzie, and other rivers of North Amfr 
rica, carry pines with their roots attached for msn? 
hundred miles towards the north, into the arctic 80^ 
where they are imbedded in deltas, and some of them 
drifted still farther by currents towards the pole. 

Some of the appearances of our English coal fields 
seem to prove that the plants were not floated from 
great distances ; for the outline of the stems of succu- 
lent species preserve their sharp angles, and others 
have their surfaces marked with the most delicate lines 
and streaks. Long leaves, also, are attached in maiiy 
instances to the trunks or branches*; and leaves we 
know, in general, are soon destroyed when steeped in 
water, although ferns will retain their forms after an 
immersion of several months.f It seems fair to pre- 
sume that the coal plants may have grown upon die 
same land, the destruction of which provided materials 
for the sandstones and conglomerates of the group of 

* Fossil Flora, No. X. 

f This hfe been proved by Mr. Lindley, who is now conductiiig 
a series of experiments on the subject 
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Strata in which they are imbedded ; especially as the 
coarseness of the particles of many of these rocks 
attests that they were not borne from very remote 
localities. 

Before we are entitled to enlarge farther on this 
qaestion of trao^rtation, we most obtain more precipe 
ialbngatioii respecting the state of the various fossils 
whidi have been found principally in the coal sand- 
stones of high latitudes, and we must learn whether 
they bear the marks of friction and decay previous to 
their fossilization. 

To return, therefore, from this digression, the un- 
injured corals and chambered univalves of Igloolik 
(lat. 69^^ N.), Melville Island, and other high latitudes, 
sufficiently prove that, during the carboniferous period, 
tliere was an* elevated temperature even in northern 
regions bordering on the arctic circle. The heat and 
humidity of the air, and the uniformity of climate, 
appear to have been most remarkable when the oldest 
strata hitherto discovered were formed. The approx- 
imation to a climate similar to that now enjoyed in 
these latitudes does not commence till the era of the 
forraations termed tertiary; and while the different 
tertiary rocks were deposited in succession, the tem- 
perature seems to have been still further lowered, and 
to h^ve continued to diminish gradually, even after the 
appearance upon the earth of a great portion oi the 
existing species. 
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CHAPTER VII. 

FARTHER EXAMINATION OF THE QUESTlOir A8 TO THE 
DISCORDANCE OF THE ANCIENT AND MODERN 0AU8B 
OF CHANGE. 

On the causes of vicissitudes in climate — Remarks on the piaol 
diffusion of heat over the globe — On the dependence of Ae 
mean temperature on the relative position of land and floi— 
Isothermal lines — Currents from equatorial re^ons (p. 165}i— 
Drifting of icebergs — Different temperature of Northeni aad 
Southern hemispheres — Combination of causes which vaa^ 
produce the extreme cold of which the earth's surface is ■» 
ceptible (p. 181 )w — Conditions necessary for the prodmtiM 
of the extreme of heat, and its probable effects on organic ifc 
(p. 189). 

Causes of vicissitudes in Climate, -r- As the prooft 
enumerated in the last chapter indicate that the ^irth'i 
surface has experienced great changes of climate since 
the deposition of the older sedimentary strata, we 
have next to inquire, how such vicissitudes can be r& 
conciled with the existing order of nature. The cos- 
mogonist has availed himself of this, as of every obscure 
problem in geology, to confirm his views conceming a 
period when the laws of the animate and inanimate 
world differed essentially from those now established ; 
and he has in this^ as in many other cases, succeeded 
so far, as to divert attention from that class of facts, 
which, if fully understood, might probably lead to an 
explanation of the phenomena. At first it was ima- 
gined that the earth's axis hacl been for ages perpen- 
dicular to the plane of the ecliptic, so that there was a 
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perpetual equinox, and uniformity of seasons throughout 
the year ;— that the planet enjoyed this 'paradisiacal' 
Btate until the era of the great flood ; but in that cata- 
strophe, whether by the shock ofa comet, or some other 
convulsion, it lost its equal poise, and hence the obli- 
quity of its axis, and with that the varied seasons of 
the temperate zone, and the long nights and days of 
the polar circles. 

When the progress of astronomical science had 
exploded this theory, it was assumed, that the earth 
at its creation was in a state of fluidity, and red hot, 
and that ever since that era it had been cooling down, 
contracting its dimensions, and acquiring a solid crust, 
— an hypothesis hardly less arbitrary, but more calcu- 
lated for lasting popularity, because, by referring the 
mind directly to the beginning of things, it requires no 
support from observation, nor from any ulterior hypo- 
thesis. They who are satisfied with this solution are 
relieved from ail necessity of inquiry into the present 
laws which regulate the diflusion of heat over the 
surface ; for, however well these may be ascertained, 
they cannot possibly afford a full and exact elucidation 
of the internal changes of an embryo world. 

But if, instead of forming vague conjectures as to 
what might have been the state of the planet at the 
era of its creation, we fix our thoughts on tlie connexion 
at present existing between climate and the distri- 
bution of land and sea; and then consider what in- 
fluence former fluctuations in the physical geography 
of the earth must have had on superficial temperature, 
we may perhaps approximate to a true theory. If 
doubts and obscurities still remain, they should he 
ascribed to our limited acquaintance with the laws of 
Nature, not to revolutions in her economy ; — they 
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should Stimulate us to further research, not tenpt ■ 
to indulge our fancies in framing imaginary syitaii 
for the government of infant worlds. 

Diffusion ofkeattner the globe. — In consideriiigAe 
laws which regulate the diffusion €j£ heat orrer tte 
globe, we must be careful, as Humboldt well remsh 
not to regard the climate of Europe as a type of Ae 
temperature which all countries placed under the MM 
latitude enjoy. The physical sciences, observes tUi 
philosopher, always bear the impress of the phoB 
where they began to be cultivated ; and as, in g^fi»Bi 
an attempt was at first made to refer all the volcnc 
phenomena to those of the volcanos in Italy, so^ ii 
meteorology, a small part of the old world, the caiR 
of the primitive civilization of Europe was for a Iflf 
time considered a type to which the dintiate of i 
corresponding latitudes might be referred. Bat Ai 
region, constituting only one seventh of the wkb 
globe, proved eventually to be the exception to the 
general rule. For the same reason, we may wsi 
the geologist to be on his guard, and not hastQjti 
assume that the temperature of the earth in tk 
present era is a type of that which most usndf 
obtains, since he contemplates far mightier alteratiois 
in the position of land and sea, at different epoch 
than those which now cause the climate of Europe 
to differ from that of other countries in the same 
parallels. 

It is now well ascertained that zones of equal 
warmth, both in the atmosphere and in the waten 
o( the ocean, are neither parallel to the equator nor to 
each other.* It is also known that the tmean annui 

* We are indebted to Baron Alex. Humboldt for <:ollectiiC 
together, in a beautiful essay, the scattered data on which be 
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temperature mmj be the sAine in two places whidi 
ei^iigr very dtfierent dimates, for the seasost may be 
nearly nnffbrni, or Tiolently contrasted, so that the 
lines of equal winter temperature do not coincide 
wkh those of equal annual heat, or kothermal lines. 
The deviations of ail these lines from the same parallel 
of latitude are determined by a multitude of circum- 
•taneca^ among the principal of which are the position, 
direction, and elevation of the continents and islands, 
the pesitko and depths of the sea, and the directioQ of 
Gurrcnta and of winds. 

On comparing the two continents of Europe and 
America^ it is found that places in the same latitudes 
haire aametimes a mean difierence of temperature 
amottBting to 11°, or even in a few cases to 17° Fahr. ; 
and aeotie j^hces on the two continents, which have the 
flame mean temperature, differ from 7° to 13° in lati* 
tnde. f The principal cause of greater intensity iji 
cold in corresponding latitudes of North America and 
£uropey b the connexion of North America with the 
poiar circie, by a large tract of land, some of which is 
fitmi three to five thousand feet in height, and, on the 
atber hand, the separation of Europe from the arctic 
circle by an ocean. The ocean has a tendency to 
preserve every where a mean temperature, which it 
oommunicateato the contiguous land, so that it tempers 
thedimate, moderating alike an excess of heat or cold. 

fbonde^ an appfroxkRfttkm te a true theory of tiie distribution of 
h«at onrer liie glebes Many of then data ore derived from the 
author's Ofim observations, and raaay from tlie works of M. FienB 
Prevost» ef Geneva, on the radiation of heat, and other writers.— 
See Humboldt on Isothermal Lines, Memoires d* Arcueil, torn. iii. 
translated in the Edin. FhiL Joum. vol. iii. July, 1820. 
t Humboldfs taUei, Essay on Itothennal lanes, &c. 
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The elevated land, on the other hand, rising to tk 
colder regions of the atmosphere, becomes a grot 
reservoir of ice and snow^ arrests, condenses, and con- 
geals vapour, and communicates its cold to the adjoin- 
ing country. For this reason, Greenland, forming pgrt 
of a continent which stretches northward to the BU 
degree of latitude, experiences under the 60th panDd 
a more rigorous climate than Lapland under Uie Tfl 
parallel. 

But if land be situated between the 40th parafle! 
and the equator, it produces, unless it be of extreae 
height, exactly the opposite effect; for it then want 
the tracts of land or sea that intervene between it ni 
the polar circle. For the surface being in this or 
exposed to the vertical, or nearly vertical rays of tk 
sun, absorbs a large quantity of heat, which it difibss 
by radiation into the atmosphere. For this reason, tk 
western parts of the old continent derive warmth froD 
Africa, <^ which, like an immense furnace, distributes 
its heat to Arabia, to Turkey in Asia, and to Europe."* 
On the contrary, the north-eastern extremity of Aai 
experiences in the same latitude extreme cold ; for it 
has land on the north between the 60th and 70di 
parallel, while to the south it is separated from tk 
equator by the North Pacific. 

In consequence of the more equal temperature d 
the waters of the ocean, the climate of islands and of 
coasts differs essentially from that of the interior rf 
continents, the more maritime climates being charac- 
terized by mild winters and more temperate summers; 
for the sea breezes moderate the cold of winter, as 
well as the heat of summer. When, therefore, we 

* Malte-Brun. Fbys. Geog. book xvii. 
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trace round the globe those belts in which th^ mean 
annual temperature is the same, we oflen find great 
difierences in climate ; for there are insular climates 
in which the seasons are nearly equalized, and exces' 
give climates, as they have been termed, where the 
temperature of winter and summer is strongly con- 
trasted. The whole of Europe, compared with the 
eastern parts of America and Asia, has an insular 
climate. TTie northern part of China, and the Atlantic 
region of the United States, exhibit <' excessive cli- 
mates.'* We find at New York, says Humboldt, the 
summer of Rome and the winter of Copenhagen ; at 
Quebec^ the summer of Paris and the winter of Peters- 
burg. At Pekin, in China, where the mean temper- 
ature of the year is that of the coasts of Brittany, the 
soordiiiig heats of summer are greater than at Cairo, 
and the winters as rigorous as at Upsala.* 

If lines be drawn round the globe through all those 
places which have the same winter temperature, they 
are found to deviate from the terrestrial parallels much 
&rther than the lines of equal mean annual heat. The 
lines of equal winter in Europe, for example, are often 
curved so as to reach parallels of latitude 9° or l(f 
distant from each other, whereas the isothermal lines, 
or those passing through places having the same mean 
annual temperature, differ only from 4° to 5°. 

Infltience ofcurrenU on temperature* — Among other 
influential causes, both of remarkable diversity in the 
mean annual heat, and of unequal division of heat in 
the different seasons, are the direction of currents and 
the accumulation and drifting of ice in high latitudes. 
The temperature of the Lagullas current is 10^ or 12^ 

* On Isothermal Lines, &c. 
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Fahr. above that of the sea at the Cape of Good Hofe; 
fbr the greater part of its waters flow through the lb 
zambique channel, down the south-east ooast of A6«^ 
and are derived from regions in the Infii^ n Otta 
much nearer the line, and much hotter than the Cifa* 
An opposite effect is produced by the " eqnatoiU' 
current, which crosses the Atlantic from Africa It 
Brazil, having a breadth varying from IGO to tfl, 
nautical miles. Its waters are co<rier by 3^ or 4^ FA^ , 
th«i those of the ocean under the line, ao thstit| 
moderates the heat of the tropics«f 

But the effects of the Gulf stream on €bm 
of the north Atlantic Ocean are &r aaoie remBkl 
able. This most powerful of known currenta haiii 
source in the Gulf or Sea of Mexicot^ which, likadi 
Mediterranean and other dose seas in temporate «l 
low latitudes, is warmer than the open ooean in 
same parallels. The temperature of the Mexican 
in summer is, according to Rennell, 86** Fahr. «| 
at least 7° above that of the Atlantic in the 
latitude, j: From this great reservoir or caldnm i\ 
warm water, a constant current pours forth throq^ 
the straits of Bahama at the rate of 3 or 4 miies 
hour ; it crosses the ocean in a north-easterly dinO' 
tion, skirting the great bank of Newfoundland, when 
it still retains a temperature of 8^ above that of tk 
surrounding sea. It reaches the Azores in about 7S 
days, afler flowing nearly 3000 geographicid vukHi 
and from thence it sometimes extends its course i 
thousand m^es further, so as to reach the Bay of Bii- 
cay, still retaining an excess of 5^ above the mev 
temperature of that sea. As it has been known to 

* Rennell on Currents, p. 96. London, 1832. 

t Ibid. p. 153. t Ibid. p. 25. 
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arrive there in the months of November and January, 
I it may tend greatly to moderate the cold < 
I countries on the west of Europe. 
I TbeTe is a Jar^ tract in the centre of the North, 
, Adantic, between the parallels of 33° and 35° N. lab, 
I which Rennell calls the "recipient of the gulf water. 
, A great part of it is covered by the weed called beuV' 
gasfio, vvhich the current floats ia abundance from tbfl' 
Gulf of Mexico. This mass of water is nearly stag- 
naut, is warmer by 7° or 10° than the waters of the 
Atlantic, and may be compared to the freeh water of 
a river overflowing the heavier salt water of the sea. 
Benneil estimates the area of the "recipient," togetb^ 
with that covered by the main cuirmt, as being 2000 
miles in length from E. to W^ and 550 in breadth 
Srotn N. to S^ which, he r«narks, is a larger area than 
that of the Mediterranean. Th£ heat of this great 
body of water ie kept up by the incessant and quick 
arrival of fresh supplies of warm water from the south, 
and there can be no doubt that the general climate of 
parts of Europe and America are materially affected 
by this cause. 

It is considered probable by Scoresby, that the 
fluenceof the gulf stream exteods even to the sea, n 
Spitsbergen, where its waters may pass under those 
' melted ice ; for it has been found that, in the neigh- 
I bourhood of Spitzbergen, the water is warmer by 
or 7° at the depth of one hundred and two hundred 
fathoms than at the surface. This might arise from 
the known law that fresh water passes the point of 
greatest density whsi cooled down below 40°, and 
between that and the freezing point expands again. 
The water of melted ice might be lighter, both as 
being fresh (having lost its salt in the decompowt^ 
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process of freezing), and because its temperature i 
nearer the freezing point than the inferior water of tk 
gulf stream.* 

The great glaciers generated in the valleyt of Spib-I 
bergen, in the 79° of north latitude, are almost all at { 
off at the beach, being melted by the feeble 
of heat still retained by the gulf stream. In BaiBli| 
Bay, on the contrary, on the west coast of Old Gfco*! 
land, where the temperature of the sea is not mitigiMf 
by the same cause, and where there is no 
under-current, the glaciers stretch out from the shfl^l 
and furnish repeated crops of mountainous massei'l 
ice which float off into the ocean.f The number dl 
dimensions of these bergs is prodigious* Captain ]fal| 
saw several of them together in Baffin's Bay 
in water fifteen hundred feet deep I Many of 
are driven down into Hudson's Bay, and accumi 
there, diffuse excessive cold over the neigfal 
continent; so that Captain Franklin reports, tfaiti 
the mouth of Hayes river, which lies in the 
latitude as the north of Prussia or the south of Sei^l 



* When Scoresby wrote in 1820 (Arctic Regions, ToLi 
p. 210.), be doubted whether salt water expanded like Ml 
water when freezing. Since that time Erman (Poggendc^l 
Annalen, 1828, vol. xii. p. 483.) has proved by experiment M 
sea- water does not follow the same law as fresh water, M Ik 
Luc, Rumford, and Marcet had supposed. On the coiilnqi| 
it appears that salt water of sp. gr. 1*027 (which accoidiogti 
Berzelius is the mean density of sea water) has no mum 
of density so long as it remains fluid; and even when ice bcgini*! 
form in it, the remaining fluid part always increases in denntyii 
proportion to the degree of refrigeration. 

f Scoresby 's Arctic Regions, vol. i. p. 208* -^Dr. Lattali 0^ 
servations on the Glaciers of Spitzbergen, &c. £din. New lA 
Joum. vol. iii. p. 97. 
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land, ice is found every where in digging wells, in 
summer, at the depth of four feet I Other bergs are 
cccasionally met with, in a state of rapid thaw, as far 
south as lat. -tO", off the eastern coast of Greenland, 
where they cool the water sensibly to the distance of 
forty or fifty miles around, the thermometer sinking 
sometimes 17°, or even 18°, Fahrenheit in their neigh- 
bourhood.* 

Difference of cUtnate cf the Northern and Southern 
hemisplierefi. — When we compare the climate of the 
northern and southern hemispheres, we obtain still 
more instruction in regard to the influence of the dis- 
tribution of land and sea on climate. The dry land in 
the southern hemisphere is to that of the northern in 
the ratio only of one to three, excluding from our con- 
sideration that part which lies between the pole and 
the "i" of south latitude, which has hitherto proved 
inaccessible. And whereas, in the northern hemi- 
sphere, between the pole and the thirtieth parallel 
north latitude, the land and sea occupy nearly eqi 
areas, the ocean in the southern hemisphere covers 
less than fifleen parts in sixteen of the 
included between the antarctic circle and the thirtit 
\ parallel of south latitude. 

This great extent of sea gives a particular character 
to climates south of the equator, the winters being 
mild and the summers cool. Thus, in Van Dlemen' 
land, corresponding nearly in latitude to Rome, th 
winters are more mild than at Naples, and the 
not warmer than those at Paris, which is 7° farther 
from the equator.f Tlie effect on vegetation 
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remarkable: — tree-ferns, for inttaDoe, which retpm 
abundance of moisture, and an ^naliBatioB ft tk 
seaions, are found in Van Dieraen's 'land, in latitiiE 
i2° S.; and in New Zealand in south latitude tf. 
The ordiideoas parasites also advance to the S8^ mi 
452^af southlatitude. Humboldt observes that itisiDlle 
4noufUcdnomSy temperate^ hwnidy and shady parts sf de 
equatorial regions, that the family of ferns prodaoeitle 
greatest number of species. As we know, theieAie 
that elevation oflen compensates for the effiKl^i 
latitude in the geographical distribution of plantii a 
may easily understand that a class of ii umitiHi 
which grow at a certain height in the torrid IM 
would flourish on the plains at greater distances fia 
the equator, if the temperature, moisture, and rfvj 
vkecessary conditions, were equally uniform th 
out the year. 

It has long been supposed that the general 
perature of the southern hemisphere was cons 
lower than that of the northern, and that the differof' 
amounted to at least 10^ Fahrenheit. Baron Hit' 
boldt, after collecting and comparing a great Buak 
of observations, came to the conclusion that eteii 
much larger difference existed, but that none W V 
be observed within the tropics, and only a smiE' 
difference as far as the thirty-fifth and fortieth paralU 
Captain Cook was of opinion that the ice of thetf^ 
arctic predominated greatly over that of the arctic 
region^ that encircling the southern pole coining aeiitf 
to the equator by 10° than the ice around the aoi^ 
.pole. But the recent voyages of Weddell and Bmsk 
have shewn that on certain meridians it is possible to 
approach the south pole nearer by several degrees this 
Cook had penetrated; and even in the seventy- third id^ 
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f^venty-fburth degrees of south latitude^ they found th^ 
sea opep and with few ice-floes.* 
, Nevertheless^ the greater cold of high southern 
latitudes is capfirmed by the description given both by 
ancient and modem navigators of the lands in this 
hemisphere. In Sandwich land, according to Cook, 
in 59° of Jifouth latitude, the perpetual snow and ice 
reach to the sea beach ; and what is still more astonish- 
ing, ip the island of Georgia, which is in the 54° south 
latitude, or the same parallel as Yorkshire, the line of 
perpetual sppw descends to the level of the ocean. 
When we consider this fact, and then recollect that 
the summit of the highest mountains in Scotland, 
four degree farther to the north, do not attain the 
limit of perpetual snow on our side of the equator, we 
{earn that latitude is one only of many powerful 
causes, which determine the climate of particular 
r^ons of the globe. The permanence of snow in 
the southern hemisphere, is in this instance partly due 
to the floating ice, which chills the atmosphere and 
pondenses the vapour, so that in summer the sun 
cannot pierce through the foggy air. But besides the 
abundance of ice which covers the sea to the south of 
Georgia and Sandwich land, we may also, as Humboldt 

* Captain Weddell, in 1823, advanced 39 farther than Captain 
Cook, and arrived atlat. 74° 15' south, long. 34° 17' west. After 
hsving passed through a sea strewed with numerous ice islands, 
he arrived, in that high latitude, at an open ocean ; but even if he 
had sailed $° farther south, he would not have penetrated to higher 
latitudes than Captain Parry in the arctic 'circle, who reached lat. 
81° 12' 51" north. Captain Biscoe, in 1831 and 1832, dis- 
, covered Graham's Land between 64° and 68° S. lat., to the south- 
ward of New South Shetland, and Enderby's Land in the same 
latitude, on the meridian of Madagascar. Joum. of Roy. Geo- 
graph. Soc. of London, 1833, p. 105. 
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suggests, ascribe the cold of those countries in part to 
the absence of land between them and the tropics. 

If Africa and New Holland extended &rther to the 
south, a diminution of ice would take place in consfr 
quence of the radiation of heat from these continenli 
during summer, which would warm the contiguous m 
and rarefy the air. The heated aerial currents would 
then ascend and flow more rapidly towards the south 
pole, and moderate the winter. In confirmationif 
these views, it is stated that the ice, which extesfk 
as far as the 68'^ and 71^ of south latitude, advanoB 
more towards the equator whenever it meets an ops 
sea; that is, where the extremities of the preial 
continents are not opposite to it; and this drcv 
stance seems explicable only on the principle abpnl 
alluded to, of the radiation of heat from the lands i 
situated. 

The cold of the antarctic regions was conjectured 
Cook to be due to the existence of a large tract rfl 
land between the seventieth degree of south latitude 
and the pole ; and it is worthy of observation, tint 
even now, afler the most recent voyages, the area d 
land still unexplored within the antarctic circle is fir 
more than double the area of Europe.* Some geo* 
graphers think that the late discovery of Graham's and 
Enderby*s Lands (between lat. 64° and 68^ S.), both 
of which Captain Biscoe believes to be of great ex- 
tent, has strengthened the probability of Cook*s con- 
jecture. These newly observed countries, although 
placed in latitudes in which herds of wild herbivorous 

* Mr. Gardner informs me that the surface of £urope con- 
tains about 2,793,000 square geographical miles, the unezphxc^ 
antarctic region about 7,620,000. 
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animals are met with in the northern hemisphere, nsi 
where man himself exists, and where there 
aDd villages, are described as most wintery in thi 
aspect, almost entirely covered, even ia summer, 
ice and snow, and nearly destitute of animal life. 

The distance to which icebergs float from the polar 
regions on the opposite sides of the line is, as might 
have been anticipated, very different. Their extreme 
limit in the northern hemisphere is Jat. 40°, as before 
mentioned, off the eastern coast of Greenland ; to 
which point, as also to the Azores, lat. 42° N., thej 
are sometimes drifted from Baffin's Bay. But in the 
other hemisphere they have been seen, within the last 
few years, at different points off the Cape of Good 
Hope, between latitude 36° and 39°.* One of these 
was two miles in circumference, and 150 feet high.f 
Others rose from 250 to 300 feet above the level of 
the sea, and were therefore of great volume below 
since it is ascertained, by experiments on the buoyani 
of ice floating in sea-water, that for every solid ft 
seen above, there must at least be eight feetbelo#*' 
■water.J If ice islands from the north polar regions 
floated as far, they might reach Cape Sl Vincent, and 
there, being drawn by the current that always sets in 
from the Atlantic through the Straits of^ Gibraltar, be 
drifted into the Mediterranean, so that the serene sky 
of that delightful region might soon be deformed by 
clouds and mists. 

Before the amount of difference between the 
perature of the two hemispheres was ascertained, 

* On Icelrargs in low Latitudes, b; CapUio Horsburgh ; i 
lo die Rojial Societj, Ftbruorj, 1330. 

f Edin. Hew Phil. Jaurn. No. iv. p. 19;). ; Janiurj, 1830.^ 
i Scoresbj'g Arctic Regions, vol. i. p, 2S4. 
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was referred by many afttroiioTnefi to the floceleMiM 
of the earth's motion in its periheliutfn; in cOAseqdeiiot 
of which the spring and summer of the 0otfthahi beMi* 
sphere are shorter, by nearly eight da js^ tiflm thoM 
seasons north of the equator. But Sir J. Hctfch i 
reminds us that the excess of eight days m the 
duration of the sun's presenee in the noHhem hew 
sphere is not productive of an excess of annuail ligh 
and heat^ since, according to the laws of c^liplit 
motion, it is demonstrable that whatever bd the tSf 
ticity of the earth's otbit, the two heuis^hev^ aMi 
receive eqtud cbsolvJte quUTOiHes kj^ light and fatal fV 
annum, the proximity of the sun in perigee ^ttCrif 
compensating the effect of its ftwifter m6tio&«* Htf' 
boldt, however, observes, that the accumtilatioa tf 
heat in the southern hemisphefe naiist be Ictfi 
account of the greater emission of radiafit beat, wl 
continues during a wintet longer by eight da]ri 
that on the other side of the equator.-}- 

Perhaps no vety sensible effect may be pfodoced If 
this source of disturbance, yet the geologist should bci 
in mind that to a certain extent it operates alternaldf 
on each of the two hemispheres for a period of ujnrfft 
of 10,000 years, dividing unequally the times diirii^ 
which the annual supply of solat light and heiti 
deceived. This cause may sometimes tend to cduntt^ 

* This follows, observes Herscbel, from a very simple tbeoiM 
which may be thus stated: — << The amount of heat received bf 
the earth from the sun, while describing any part of itt oiMfit 
proportional to the angle described round the sun's centre.** fl> 
that if the orbit be divided into two portions by a line drawn mii9 
direction through the sun's centre, the heat received in describoV 
the two unequal segments of the ellipse so produced will beeq[OiL 
Geol. Trans, vol. iii. part ii. p. 29B. ; second series. 

f On Isothermal Lines. 
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baiance ine^ualitiesof temperature resulting ftom other 
far more influential circumstances ; but, on the other 
kand, it must sometimes tend to increase the extreme 
of deviatioii arising from certain combinations of causes. 

But whatever may be at present the inferiority of 
heat in the temperate and frigid zones south of the 
Mne, it is quite evident that the cold would be far more 
intense if there happened^ instead of open sea, to be 
tracts of elevated land between the 55th and 70th 
parallel; and on the other hand, the cold would be 
moderated if there was more land between the line 
and the forty-fiflh degree of south latitude. 

Cktrnges m ihe position of land and sea may give rise 
to vieisskudes in climate, *— Having offered these brief 
remarks on the difiusion of heat over the globe in the 
present state of the surface, I shall now proceed to 
speculate on the vicissitudes of climate} which must 
attend those endless variations in the geographical 
features of our planet which are contemplated in geo- 
logy. That our speculations may be confined within 
the strict limits of analogy, I shall assume, 1st, That 
the proportion of dry land to sea continues always the 
same. 2dly, That the volume of the land rising above 
the level of the sea is a constant quantity ; and not 
pnly that its mean, but that its extreme height, are 
KaUe only to trifling variations. Sdly, That both the 
mean and extreme depth of the sea are invariable ; 
and^ 4thly, It may be consistent with due caution to 
assume that the grouping together of the land in great 
continents is a necessary part of the economy cf 
nature ; for it is possible that the laws which govern 
the subt^ranean forces, and which act simultaneously 
along certain lines, cannot but produce, at every epochs 

continuous mountain-chains; so that the subdivision^ 

I 4 
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of the whole land into innumerable islands may be 
precluded. 

If it be objected, that the maximum of elevation of 
land and depth of sea are probably not constant, not 
the gathering together of all the land in certain parts, 
nor even perhaps the relative extent of land and water, 
I reply, that the arguments about to be adduced wiD 
be strengthened, if, in these peculiarities of the tat' 
face^ there be considerable deviations from the present 
type. If, for example, all other circumstances beiif 
the same, the land is at one time more divided into 
islands than at another, a greater uniformity of dimtte 
might be produced, the mean temperature remaining 
unaltered : or if, at another era, there were mountani 
higher than the Himalaya, these, when placed in h^ 
latitudes, would cause a greater excess of cold. Or, ifl 
we suppose that atcertain periods no chain of hills in the 1 
world rose beyond the height of 10,000 feet, a greater 
heat might then have prevailed than is compatible 
with the existence of mountains thrice that elevation. 

However constant may be the relative proportion of 
sea and land, we know that there is annually some 
small variation in their respective geographical posi- 
tions, and that in every century the land is in some 
parts raised, and in others depressed by earthquakes ; 
and so likewise is the bed of the sea. By these and 
other ceaseless changes, the configuration of the 
earth's surface has been remodelled again and again 
since it was the habitation of organic beings, and the 
bed of the ocean has been lifted up to the height of 
some of the loftiest mountains. The imagination is 
apt to take alarm when called upon to admit the form- 
ation of such irregularities in the crust of the eartfa» 
after it had once become the habitation of living crea* 
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tures ; but, if time be allowed, the operation need not 
subvert the ordinary repose of nature, and the result 
is in a general view insignificant if we consider how 
filightly the highest mountain -chains cause our globe 
to differ from a perfect sphere. Chimborazo, though 
it rises to more than 21,000 feet above the sea, would 
be represented, on a globe of about six feet in diameter, 
by a grain of sand less than one-twenlielh of an inch 
' in thickness.* 

I The superficial inequalities of the earth, then, may 

I be deemed minute in quantity, and their distribution 
I at any particular epoch must be regarded in geology 
' as temporary peculiarities, like the height and outline 
I of the cone of Vesuvius in the interval between two 
'eruptions. But although, in reference to the mag- 
nitude of the globe, the nnevenness of the surface is so 
imimportant, it is on the position and direction of these 
small inequalities that the state of the atmosphere, 
and both the local and general climate, ere mainly 
dependent. 

Before considering the effect which a material 
change in the distribution of land and sea must occa- 
sion, it -may be well to remark, how greatly organic 
life may be affected by those minor variations, which 
need not in the least degree alter the general tem- 
perature. Thus, for example, if we suppose, by a 
scries of convulsions, a certain part of Greenland to 
become sea, and, in compensation, a tract of land to 
rise and connect Spitsbergen with Lapland, — an ac- 
cession not greater in amount tlian one which the 
geologist can prove to have occurred in certain dis- 
tricts bordering the Mediterranean, within a com- 
paratively modem period, — this altered form of the 
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land might cause an interchange between tbe climate 
of certain parts of North America abd of Europe^ 
which lie in corresponding latitudes. Many £urt>peai 
species of plants and abimalA would pri^abljr perish ta 
consequence^ because the mean temperature would te 
greatly lowered; and otheirs would fail in Amerki^ 
because it would there be raised. Ou the othef lutt4 
in places where the mean annual heat remained idh 
altered, some species which flourish in Europe, Whert 
the seasons are more uniform^ would be un&ble to rent 
the greater heat of the North AmericiUl summeTi tf 
the intenser cold of the wihter ', While othel% M 
fitted by their habits fot the gfeat C6iitiia6t of tin 
American seasons, would not be fitted fdr the tliMir| 
climate of Europe. The vine) for exaniple, aCcodb|| 
to Humboldt) can be cultivated with iadvantage II 
farther north in Europe than in North America. 
plants endure severe frost, but cannot Jripen 
seeds without a certain intensity of summer heat ata^l 
a certain quantity of light ; others cannot endUre i 
similar intensity either of heat or cold. 

It is now established that many of the eicislm^ 
species of animals have survived great changes in fk 
physical geography of the globe. If such species be 
termed modem, in comparison to races Which prt- 
ceded them, their remains, nevertheless, ente^ into 
submarine deposits many hundred miles in leo^ 
and which have since been raised from the deep to M 
inconsiderable altitude. Wlien, therefore, it is showB 
that changes in the temperature of the atmosphere 
may be the consequence of such phjnsical revolutioBi 
of the surface, we ought no longer to wonder that we 
find the distribution of existing species to be locals i& 
regard to longitude as well as latitude. If all species 
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were now, by an exertion of creative power, to be 
diffufed uniformly throughout those zones where there 
is an equal degree of heat, and in all respects a simi- 
larity of climate, they would begin from this moment 
to depart more and more from their original distribu* 
tion. Aquatic and terrestrial species would be dis* 
placed, IIS Hooke long ago observed, so often as land 
and water exdianged places ; and there would also, by 
the formation of new mountains and other changes, be 
transpositions of climate, contributing, in the manner be- 
fore alluded to, to the local extermination of species.* 

If we now proceed to consider the circumstances 
required for a general change of temperature, it will 
appear, from the facts and principles already laid down, 
that whenever a greater extent of high land is col- 
lected in the polar regions, the cold will augment ; and 
the same result will be produced when there is more 
sea between or near the tropics ; while, on the con* 
trary, so often as the above conditions are reversed, 
the heat will be greater. (See Map, PI. I.) If this 
be admitted, it will follow, that unless the superficial 
inequalities of the earth be fixed and permanent, there 
must be never-ending fluctuations in the mean tem- 
perature of every zone ; and that the climate of one 
era can no more be a type of every other, than is one 
of our four seasons of all the rest 

It has been well said, that the earth is covered by 
an ocean, in the midst of which are two great islands, 
and many smaller ones; for the whole of the conti- 
nents and islands occupy an area scarcely exceeding 
one fourth of the whole superficies of tlie spheroid. 

* A full consideration of the effect of changes in physical geo- 
graphy on the difltributifm and extinction of spedes, is given itt 
bookiii 

J 6 
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Now, on a &ir estimate of probability^ we may rea- 
sonably assume that there will not, at any given epodi, 
be more than about one fourth dry land in a particolff 
region; such, for example, as within the arctic woi 
antarctic circles. If, therefore, at present there shouH 
happen, in the only one of these regions which we on 
explore, to be much mare than this average proportkB 
of land, and some of it above five thousand feet ■ 
height, this alone affords ground for concluding thal^ 
in the present state of things, the mean heat of the 
climate is below that which the earth's surface, inik 
more ordinary state, would enjoy. This presumptka 
would be heightened, were we to assume that tk 
mean depth of the Atlantic and Pacific oceans is u\ 
great as some astronomers have imagined*; for dia 

* See Young's Nat. Phil. I^ect. zlTii. ; Mrs. SomerviUe's 
nex. of Pbys. Sci., sect. 14. p. 110. Laplace, endeayouriog 
estimate the probable depth of the sea from some of the phen< 
of the tides, says of the ocean generally, " que sa profondeur 
yenne est du m^me ordre que la hauteur moyenne des continens (t| 
des lies au-dessus de son niveau, hauteur qui ne surpasse pas nuft 
metres (3280 ft.)." Mec. Celeste, Bk. xi. et Syst. du Moodc^' 
p. 254. The expression ** du meme ordre ** admits, in mBtl» 
matical language, of considerable latitude of signification, anddod 
not mean that the depth of the water below the level of the sei 
corresponds exactly to the. height of the land above it. Ilitfe 
endeavoured, in vain, after consulting several eminent mathem*' 
ticians, among others, Professor Airy, Mr. Lubbock, and Mr. 
Whewell, to arrive at some conclusion as to the absolute depth d 
the ocean. My informants all agree in declaring that the hyp** 
thetical data on which the calculations of Laplace necessarily pn- 
ceeded, cannot give even an approximation to a solution of fk 
problem. Neither does Mr. Whewell believe in the alleged ap* 
proach to uniformity in the depth of the ocean, which some hiN 
wished to deduce from tKe supposed smallness of the diflferenceof 
the two tides occurring on the same day. (London, Maicfa^ 18S5^ 
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ire might look not only for more than two thirds eea 
m the frigid zones, but for water of great depth, which 
could not readily be reduced to the freezing point. 
The same opinion is confirmed, when we compare the 
quantity of land lying between the poles and the 30th 
parallels of north and south latitude, with tlie quantity 
placed between those parallels and the equator; for, it 
is clear, that we have at present not only more than 
the usual degree of cold in the polar regions, but also 
less than the average quantity of beat within the 
tropics. 

PosHion of land and sea which migld produce the 
extreme ofoold of which tAe earlA'g surface is suscfptible, 
— To simplify our view of the various changes in cli- 
mate, which different combinations of geographical 
circumstances may produce, we shall first consider 
the conditions necessary for bringing about the ex- 
treme of cold, or what may be termed the winter of 
the " great year," or geological cycle, and afterwards, 
the conditions requisite to produce the maximum of 
heat, or the summer of the same year. 

To begin with tlie northern hemisphere. Let us 
BUppoee thoRS hills of the Italian peninsula and of 
Sicily, which are of comparatively modern origin, and 
contain many fossil shells identical with living species, 
to subside again into the sea, from which they have 
been raised, and tliat an extent of land of equal area 
and height (varying from one to three thousand feet) 
should rise up in the Arctic Ocean between Siberia 
and the north pole. In speaking of such changes, I 
shall not allude to ihe manner in which 1 conceive it 
possible that they may be brought about, nor of the 
time required for their accomplishment — reserving 
' tu a future occasion, not only the proofs that revolu- 



18B CAUSES OF XBi^X 

tions of equal magnitude have taken place, but tint 
analogous operations are still in gradual progress. The 
alteration now supposed in the physical geographj of 
the northern regions would cause additional snow and 
ice to accumulate where now there is usually an opa 
sea ; and the temperature of the greater part rf 
Europe would be somewhat lowered, so as to resenfak 
more nearly that of corresponding latitudes of NortI 
America: or, in other words, it might be necetsaiyM 
travel about 10^ farther south in order to meet will 
the same climate which we now enjoy. No compeni> 
ation would be derived from the disappearance of bii 
in the Mediterranean countries; but the contra]^ 
since the mean heat of the soil in those latitude! i 
probably far above that which would belong to ik 
sea, by which we imagine it to be replaced* 

But let the configuration of the surface be still 
ther varied, and let some large district within or 
the tropics, such as Mexico, with its mountains riskf 
to the height of twelve thousand feet and upwards, lie 
converted into sea, while lands of equal elevation «b^ 
extent rise up in the arctic circle. From this chsnf 
there would, in the first place, result a sensible diBi> 
nution of temperature near the tropic, for the soil if 
Mexico would no longer be heated by the sun; a 
that the atmosphere would be less warm, as also tk 
neighbouring Atlantic. On the other hand^ the wbok 
of Europe, Northern Asia, and North America, would 
be chilled by the enormous quantity of ice and snov, 
thus generated at vast heights on the new arctic o» 
tinent. If, as we have already seen, there are not 
some points in the southern hemisphere where snot 
is perpetual down to the level of the sea, in latitude! 
as low as central England, such might assuredly be 



the case throughout a great part of Europe, under the 
change of circumstances above supposed i and if at 
present the extreme range of drifted icebergs is th« 
Azores, they miglit easily reach the equator after thS 
BSBumed alteration. But to pursue tlie Bubject sUU 
farther, let the Himalaya mountains, with the whole 
of Hindostan, sink down, and their place be occupied 
by the Indian ocean, while an equal extent of territory 
and mountains, of the same vast height, rise up be» 
tween North Greenland and, the Orkney islands. 
seems difhcult to exaggerate the amount to which the 
climate of the northera hemisphere would then to 
pooled. 

But the reftigeratioB brought about at the 
time in the southern hemisphere, would be nearlyequal, 
and tile ililFerence of temperature between the arctic 
aod equatorial latitudes would not be much greater 
than at present ; for no important disturbance can 
occur in the climate of a particular region, without its 
immediately affecting all other latitudes, however re- 
mote. The heat and cold which surround the globe 
are in a state of constant and universal flux and reflux. 
The heated and rarefied air is always rising and flowing 
from the equator towards the poles in the higher 
regions of the atmosphere; while in the lower, the 
colder air is flowing back to restore the equilibrium. 
That this circulation is constantly going on in the 
aerial currents is not disputed ; it is often proved by 
the opposite course of the clouds at diiferent heights, 
and the fact was farther illustrated in a striking man- 
ner by an event which happened during the present 
century. The trade wind continually blows with great 
force from the island of Barbadoes to that of St. Vui- 
cent's ; notwithstanding which, during the eruption of 
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the Tolcano in the island of St. Vincent, in 1812, ashes 
fell in profusion from a great height in the atmosphere 
upon Barbadoes. This apparent transportation of 
matter against the wind, con6nned the opinion of the 
existence of a counter-current in the higher regions, 
which had previously rested on theoretical conclusions 
only.* 

That a corresponding interchange takes place in 
the seas, is demonstrated, according to Humboldt, by 
the cold which is found to exist at great depths be- 
tween the tropics ; and, among other proofs, may be 
mentioned the mass of warmer water which the Gulf 
stream is constantly bearing northwards, while a ooolec 
current fiows from the north along the coast of Grreen- 
land and Labrador, and helps to restore the equili- 
brium, f 

Currents of heavier and colder water pass from the 
poles towards the equator, which cool the inferior 
parts of the ocean j: ; so that the heat of the torrid zone 
and the cold of the polar circle balance each other. 
The refrigeration, therefore, of the polar regions, re- 
sulting from the supposed alteration in the distribution 
of land and sea, would be immediately commimicated 
to the tropics, and from them its influence would 
extend to the antarctic circle, where the atmosphere 
and the ocean would be cooled, so that ice and snow 

* Danieirs Meteorological Essays, p. 103. 

f In speaking of the circulation of air and water in this chapter, 
no allusion is made to the trade winds, or to irregularities in the 
direction of currents, caused by the rotatory motion of the earth. 
These causes prevent the movements from being direct from north 
to south, or from south to north, but they do not affect the theory 
of a constant circulation. 

I See note, p. 168., on the increasing density of se»>water in 
proportion to the degree of cold. 
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would augment* Although the mean temperature of 
higher latitudes in the southern hemisphere is, as 
before stated, for the most part lower than that of the 
same parallels in the northern, yet, for a considerable 
space on each side of the line, the mean annual heat 
of the waters is found to be the same in corresponding 
parallels. If, therefore, by the new position of the 
landy the formation of icebergs had become of common 
occurrence in the northern temperate zone, and if 
these were frequently drifted as far as the equator, 
the same degree of cold which they generated would 
unmediately be communicated as far as the tropic of 
Capricorn^ and from thence to the lands or ocean to 
the south. 

The freedom, then, of the circulation of heat and 
cold from pole to pole being duly considered, it will 
be evident that the mean temperature which may pre- 
vail at the same point at two distinct periods, may 
di£Per far more widely than that of any two points in the 
same parallels of latitude, at one and the same period. 
For the range of temperature, or, in other words, the 
curvature of the isothermal lines in a given zone, and 
at a given period, must always be circumscribed within 
narrow limits, the climate of each place in that zone 
being controlled by the combined influence of the geo- 
graphical peculiarities of all other parts of the earth. 
Whereas, if we compare the state of things at two 
distinct and somewhat distant epochs, a particular 
zoijie may at one time be under the influence of one 
class of disturbing causes, and at another time may be 
affected by an opposite combination. The lands, for 
example, to the north of Greenland cause the present 
climate of North America to be colder than that of 
Europe in the same latitudes ; but the excess of cold 
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]» not 80 great as it uroitld have been if the wetten 
hemisphere had been entirely isolated, €>r Bepamtri 
from the eastern like a distinct planet. For not oriy 
does the refrigeration produced by Greenland dA 
to a certain extent the atmosphere of ncntbeni mi 
western Emtype, but the mild climate of Europe readi 
also upon North America, and moderates the d^Ksg 
influence of the adjoining polar landSb 

To return to the state of the earth after the dtmapi 
above supposed, we must not omit to dwell on the kh 
portant effects to which a wide ejtpanse of p^petal 
snow would give rise. It is probable that newlj tfe 
whole sea, from the poles to the parallels of 45^, worii 
be frozen over ; for it is well known that the iiHiM> 
diate proximity of land is not essential to the fbrauilioi, 
and increase of field ice, provided there be in 
part of the same zone a sufficient quantity of 
generated on or near the land, to cool down the 
Captain Scoresby, in his account of the arctic reffXMi 
observes, that when the sun's rays " fall upon the snoV' 
clad surface of the ice or land, they are in a grot 
measure reflected, without producing any materii 
elevation of temperature; but when they impinged 
the black exterior of a ship, the pitch on one ok 
occasionally becomes fluid, while ice is rapidly geocr* 
ated at the other."* 

Now field ice is almost always covered with snofff; 
and thus not only land as extensive as our existflC 
continents, but immense tracts of sea in the frigid wei 
temperate zones, might present a solid surface ccmfti 
with snow, and reflecting the sun's rays for the gr^ttr 
part of the year. Within the tropics, moreoTer, where 



* See Scoresby*s Arctic Regions, vol. i. p. 378. i* lb. pL SX^ 
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Ihe ooem ftow predofninatM,- tke sk^ \i^dulc[ do kmget 
be serene and clear, as in the present era i but ttmsses 
of floMBg ice would cause quick condensations of 
vapour^ 80 that fogs and elouds would depf ive the vef' 
tical raja of the sito of half thek* power. The whole 
fiUnet, therefore, would reoeiTe annually a smallel' 
proiNfFtioii of the solar influence, and the exteitial crust 
Would part^ by radiation, with some of the heat which 
hJEKl b^en acdtnralated in it, during a different state of 
tile surftcei This heat would be dissipated in the 
apacea sorfOukidii^g otir atmosphere, which, according 
to tbe calculations of M. Fourier, have a temperature 
aauch inferite' to that of freezing water. 

Afktr tbe geographical rerolution abo^e assumed, 
tbe cHmiM Of equinoctial lands might be brought at 
last to resemble that of the present temperate zone, 
«' perhaps be far more wintery. They who should 
then inhabit such small isles and coral reefs as are 
naW seen hi the Indian ocean and South Pacific, would 
Wonder that zoophytes of large dimensions had once 
be^i so prolific in their seas ; or if, perchance, they 
found the wood and firuit of the cocoa-nut tree or Uie 
^alm i^ilicified by the waters of some ancient mineral 
springs or incriisted with calcareous matter, they would 
muse on the revolutions which had annihilated such 
genera, and replaced them by the oak, the chestnut, 
end the pine< With equal admiration would they 
compare the skeletons of their small lizards with the 
boAes of fossil idligators and crocodiles more than 
twenty fiset in length, which, at a former epoch, had 
multiplied between the tropics : and when they saw a 
pine included in an icebergs drifted from latitudes 
whidi we now call temperate, they would be astonished 
at the proof thas afforded, that forests had once grown 
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where nothing cotQd be seen in their own times but a 
wilderness of snow. 

If the reader hesitate to suppose so extensive an 
alteration of temperature as the probable consequ^ce 
of geographical changes, confined to one hemisphere, 
he should remember how great are the local anomalies 
in climate now resulting from>the peculiar distributioD 
of land and sea in certain regions. Thus, in the island 
of South]|Georgia, before mentioned (p. 171.), Captain 
Cook found the everlasting snows descending to the 
level of the sea, between lat 54^ and 55° S. ; no trees 
or shrubs were to be seen, and in summer a few rods 
only, after a partial melting of the ice and snow, were 
scantily covered with moss and tufts of grass. If sod 
a climate can now exist at the level of the sea in i 
latitude corresponding to that of Yorkshire, in spite or 
all those equalizing causes before enumerated, bj 
which the mixture of the temperatures of distant 
regions is facilitated throughout the globe, what 
rigours might we not anticipate in a winter generated 
by the transfer of the mountains of India to our arctic 
circle I 

But we have still to contemplate the additional 
refrigeration which might be effected by changes in 
the relative position of land and sea in the southern 
hemisphere. If the remaining continents were trans- 
ferred from the equatorial and contiguous latitudes to 
the south polar regions, the intensity of cold produced 
might, perhaps, render the globe uninhabitable. We 
are too ignorant of the laws governing the direction of 
subterranean forces, to determine whether such a crisis 
be within the limits of possibility. At the same time, 
it may be observed, that no distribution of land can 
well be imagined more irregular, or, as it virere, c^ri- 
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cious, than that which now prevails ; for at present, by 
drawing a line in a particular direction, the globe may 
be divided into two equal parts, ia such a manner, that 
one hemisphere shall be entirely covered with water, 
with the exception of some promontories and islands, 
while the other shall contain less water than land; and, 
what is still more extraordinary, on comparing the 
extratropical lands in the northern and southern hemi- 
spheres, the lands in the northern are found to be to 
those in the southern in the proportion of thirteen to 
one ! • To imagine all the lands, therefore, in high, 
and all the sea in low latitudes, as delineated in the 
annexed plate (PI. 1.), would scarcely be a more 
anomalous state of the surface. 

Position of land and sea which tniglu give rise to the 
extreme of heat — Let us now turn from the con- 
templation of the winter of the " great year," and 
consider the opposite train of circumstances which 
would bring on the spring and summer. To imagine ali 
the lands to be collected together in equatorial latitudes, 
and a few promontories only to project beyond the 
thirtieth parallel, as represented in the annexed map 
(fig. 1. PI. I.), would be undoubtedly to suppose an 
extreme result of geological change. But if we con- 
sider a mere approximation to such a state of ihings. 
it would be sufficient to cause a general elevation of 
temperature. Nor can it be regarded as a visionary 
idea, that, amidst the revolutions of the e&rtli's surface, 
thequantity ofland should, at certain periods, liave been 
simultaneously lessened in the vicinity of both the 
poles, and increased within the tropics. We must re- 
collect that even now it is necessary to ascend to the 

Isothermal Lincg. 
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height of iiif%eefli thousand feet in the Andes uoder the 
line, and in the Himalaya mountains, whic^ are witiimit 
the tropic, to seventeen thousand feet, before me reaA 
the limit of perpetual snow. On the northern slope, 
indeed, of the Himalaya range, where the heat nh 
.diated from a great continent moderates the cold^ 
ithere are meadows and cultivated land at an eievatioB 
equal to the height of Mont Blanc* If then there 
were no arctic lands to chill the atmosphere, and freese 
^e sea, and if the loftiest chains were near the line^ it 
se^iis reasonable to imagine that the hi^iest moun- 
tains might be clothed with a rich vegetation to th fr 
summits, and that nearly all signs of frost would dk- 
appear from the earth. 

When the absorption of the solar rays was in no 
region impeded, even in winter, by a coat .of snov, Ihe 
mean heat of the earth's crust would augment to cosr 
aiderable depths, and springs, which we know to be in 
general an index of the mean temperature of the 
climate, would be warmer in all latitudes. The waten 
of lakes, therefore, and rivers, would be much hotter 
in winter, and would be never chilled in sunamer bj 
melted snow and ice. A remarkable uniformity of 
climate would prevail amid the archipelagos of the 
temperate and polar oceans, where the tepid waters 
of equatorial currents would freely circulate. The 
general humidity of the atmosphere would far exceed 
.that of the present period, for increased heat would 
promote evaporation in all parts of the globe. The 
winds would be first heated in their passage over the 
tropical plains, and would then gather moisture from 
$he sur&ce of .the deep, till, charged with vapour, 

• Humboldt, Tableaux de la Nature, torn, i. p. 112. 
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they arrived st extreme northern and southem re- 
gione, and there encountering a cooler atmosphere, 
discharged their burden in warm rain. If, during- (he 
long night of a polar winter, the snows should whiten 
the summit of some arctic islands, they would be dis- 
solved as rapidly by the returning sun, as are the 
snows of Etna by the blasts of the sirocco. 

We learn from those who have studied the geo'- 
graphical distribution of plants, that in very low lati- 
tudes, at present, the vegetation of small islands remote 
from continents has a peculiar character; the ferns 
and allied families, in particular, bearing a great pro- 
portion to the total number of other plants. Other 
circumstances being the same, the more remote the 
isles are from the continents, the greater does this 
proportion become. Thus, in the continent of India, 
and the tropieal parts of New Holland, the proportion 
of ferns to the phsenogamous plants is only as one to 
twenty-six; -whereas, in the South-Sea Islands, it is 
as one to four, or even as one to three.* 

We might expect, therefore, in the summer of the 
" great year," which we are now considering, that 
there would be a predominance of tree-ferns and 
plants allied to palms and arborescent grasses in the 
islands of the wide ocean, while the dicotyledonous 
plants and other forms now most common in tem- 
perate regions would almost disappear from the earth. 
Then might those genera of animals return, of which 
the memorials are preserved in the ancient rocks of 
our continents. The huge iguanodon might reappear 
in the woods, and the ichthyosaur in the sea, while 

• Ad. Brongniart, Consid. GEn^ralea aur la Nat. de U Veget. 
«:c, Ann. des Sciences Knt. Nov. 1B2B. 
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the pterodactyle might flit again through umbrageous 
groves of tree-ferns. Coral reefs might be prolonged 
once more beyond the arctic circle, where the whale 
and the narwal now abound ; and turtles might again 
be found in regions now inhabited by the walrus and 
the seal. 

But, not to indulge too far in these speculations, I 
may observe, in conclusion, that however great, during 
the lapse of ages, may be the vicissitudes of temper- 
ature in every zone, it accords with this theory that 
the general climate should not experience any sensiUe 
change in the course of a few thousand years; because 
that period is insufficient to affect the leading features 
of the physical geography of the globe. Notwitlu 
standing the apparent uncertainty of the seasons, it is 
found that the mean temperature of particular localities 
is very constant, when observations made for a suffi- 
cient series of years are compared. 

Yet, there must be exceptions to this rule, and even 
the labours of man have, by the drainage of lakes and 
marshes, and the felling of extensive forests, caused 
such changes in the atmosphere as greatly to raise our 
conception of the more important influence of those 
forces to which, in certain latitudes, even the existence 
of land or water, hill or valley, lake or sea, must be 
ascribed. If we possessed accurate information of the 
amount of heal fluctuation in climate in the course of 
twenty centuries, it would often, undoubtedly, be con- 
siderable. Certain tracts, for example, on the coast of 
Holland and of England consisted of cultivated land 
in the time of the Romans, which the sea, by gradual 
encroachments, has at length occupied. Here, at least, 
a slight alteration has been effected; for neither the 
distribution of heat in the different seasons, nor the 
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mean annual temperature of the atmosphere investing 
the sea, is precisely the same as that which rests upon 
the land. 

In those countries, also, where earthquakes and 
volcanos are in full activity, a much shorter period 
may produce a sensible variation. The climate of the 
once fertile plain of Malpais in Mexico must differ 
materially from that which prevailed before the middle 
of the last century ; for, since that time, six mountains, 
the highest of them rising sixteen hundred feet above 
the plateau, have been thrown up by volcanic erup- 
tions. It is by the repetition of an indefinite number 
of such local revolutions, and by slow movements 
extending simultaneously over wider areas, as will be 
afterwards shewn, that a general change of climate 
may finally be brought about. 
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CHAPTER VIIL 

FABTHER EZAHINATIOir OF THE QUESTION AS TO THE 
DISOORDANOE OF THE ANCIENT AND MODBRIY GAITSES 
OF CHANGE. 



Whether the geographical features of the northern bemispheic^ it 
the period of the deposition of the oldest fossiliferous stnli 
were such as might have given rise to an extremely hot cfi- 
mate — State of the surface when the greywack^, «r transitifl 
formations^ originated—- State of the same when the mounlHil 
limestone, coal-sandstones, and coal were deposited (p. 19d.)- 
Changes in physical geography, between the carbomSe 
period and the chalk — Abrupt transition from the secoi 
to the tertiary fossils (p. 202.)-— Accession of land, 
elevation of mountain chains, after the consolidation of ti»| 
secondary rocks — Explanation of Map, shewing the aroj 
covered by sea, since the conunencement of the tertiary period] 
(p. 209.) — Remarks on the theory of the diminution of centniS 
heat (p. 216.) — Astronomical causes of fluctuations in climate 
(p. 219.). 

Whether the geographical features of the northern hemi- 
spherey at the period of the deposition of the oldest fos- 
siliferotis strata, were siich as might have given rise to 
an extremely hot climate, — In the sixth chapter, I 
stated the arguments derived from organic remains 
for concluding that the mean annual temperature of 
the northern hemisphere was considerably more ele- 
vated when the ancient carboniferous strata were de- 
posited than it is at present ; as also that the climate 
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had been modified more than once since that epoch, 
and that it had been reduced by successive changes 
more and more nearly to that now prevailing in the 
aame latitudes. Farther, I endeavoured, in the last 
chapter, to prove that vicissitudes in climate of no 
less importance may be expected to recur in future, 
if it be admitted that causes now active in nature have 
power, in the lapse of ages, to produce considerable 
variations in the relative position of land and sea. It 
remains to inquire whether the alterations, which the 
geologist can prove to have actually taken place at 
former periods, in the geographical features of the 
northern hemisphere, coincide in their nature, and in 
the time of their occurrence, with such revolutions in 
climate as would naturally have resulted, according to 
the meteorological principles already explained. 

The oldest systetn of rocks which afford by their 
organic remains any decisive evidence as to climate, 
or the former position of land and sea, are those gene- 
rally known as the tramition, or greywucki, formations. 
These have been found in England, France, Germany, 
Sweden, Russia, and other parts of central and north- 
ern Europe, as also in the great Lake district of Canada 
and the United States ; and they appear to have been 
deposited in a sea of considerable extent. The fossils 
have been regarded by many naturalists as indi- 
cating a greater uniformity in the species of marine 
animals inhabiting the sea at that early period than 
would now be found to prevail in a similar extent of 
ocean. The number and magnitude of the multilocular 
or chambered univalves, and of the corals, obtained 
from the limestones of this group, recall tlie forms now 
most lai^ely developed in tropical seas. Hitherto few 
vegetable remains have been noticed, but such as are 
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mentioned are said to agree more nearly with the 
plants of the carboniferous era than any other, and 
would therefore imply a tropical and humid atmo- 
sphere.* 

Carboniferous group, — This group comes next in the 
order of succession, and one of its principal members, the 
mountain limestone, was evidently a marine formatioD, 
as is shewn by the shells and corals which it con- 
tains. That the ocean of that period was of consider- 
able extent in our latitudes, we may infer from the con- 
tinuity of these calcareous strata over large areas. The 
same group appears also to have been traced not mily 
through different parts of Europe, but also in North 
America, towards the borders of the arctic sea.-)- 

The coal itself is admitted to be of vegetable ongin, 

* Mr. Murchison, during his investigations of the English and 
Welsh transition rocks, has not met with any vegetable remains 
of land plants ; but MM. Elie de Beaumont, Virlet, and De h 
Beche have pointed out places where they occur in members of 
that series. Mr. Weaver also formerly supposed that the coal and 
coal-plants of Munster, in Ireland, belonged to the transitioo 
rocks; but he has lately retracted this opinion, and believes tfaat 
the coal and plants alluded to occur in the carboniferous series. 

f It appears from the observations of Dr. Richardson, made 
during the expedition under the command of Captain Franklin 
to the north-west coast of America, and from the specimens pre- 
sented by him to the Geological Society of London, that, between 
the parallels of 60° and 70° north latitude, there is a great calca- 
reous formation, stretching towards the mouth of the Mackense 
river, in which are included corallines, products, terebratuls, 
&c. having a close affinity in generic character to those of our 
mountain limestone, of which the group has been considered die 
equivalent. There is also in the same region a newer series of 
strata, in which are shales with impressions of ferns, lepidoden- 
drons, and other vegetables, and also ammonites. — Froceedmgt 
qf Geol Soc No. 7, p. 68 March 1828. 



Ch.VnU CHANGES IN PHYSICAL GEOGnAPHT. 197 

and the state of the plants, and the beautii'ul preserv- 
ation of their leaves in the accompanying shales, 
precludes the idea of their having been floated from 
great distances. As the species were evidently ter- 
restrial, we must suppose that some dry land wae not far 
distant ; and this opinion is confirmed by the shells 
found in some strata of the Newcastle and Shropshire 
ooal-fields." These shells, whieh are chiefly found in 
the upper coal-measures, are referrible to freshwater 
genera, and lived, perhaps, in lakes or small estuaries. 
There are some regions in the northern parts of Eng- 
land and Scotland where the marine mountain lime- 
stone alternates with strata containing coal. Such an 
arrangement of the beds may possibly have been pro- 
duced by the alternate rising and sinking of large 
tracts, which were first laid dry, and then submerged 
^ain. The land of that p^Tiod appears to have con- 
sisted in part ofgranitic rocks, the waste of which may 
have produced the coarse sandstones, such, for ex- 
ample, as the millstone -grit. Volcanic rocks, how- 
ever, were not wanting, as in Scotland, for example, in 
the present basins of the Forth and Tay, where they 
seem to have been poured out on the bottom of the sea 
during the accumulation of the carboniferous strata. 

The arrangement of- the sandstones and shales in 
tliis group has been thought by some geologists, as by 
MiVI. Sternberg, Boue, and Adolphe Brongniart, to 
favour the hypothesis of the strata having resulted 
from the waste of small islands placed in rows, and 
tbrming the highest points of submarine mountain 
chains. The disintegration of such clusters of islands 

• See Mr. W. Hutton, Fdss. Flora of Great Brit- Preface, and 
Mr. Murcbisoii's papers on Shrop^ir^ &c. 
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might produce around and between them detached 
deposits, which, when subsequently raised above the 
waters, might resemble the strata formed in a chaio 
of lakes ; for the boundary heights of such apparent 
lake-basins would be formed of the rocks once consti- 
tuting the islands, and they might still continue, after 
their elevation, to preserve their ^relative superiority of 
height, and to surround the newer strata on several 
sides.* 

This idea is also confirmed by the opinion of maoj 
botanists who have studied with care the v^etadoo 
of the carboniferous period, and who declare that il 
possesses the character of an insular flora, such ai 
might be looked for in islands scattered through a wide 
ocean in a tropical and humid climate. 

There is, as yet, no well-authenticated instance of 
the remains of a saurian animal having been found ins 
member of the carboniferous series.f Now the larger 
oviparous reptiles usually inhabit rivers of considers]^ 
size in warm latitudes ; and had crocodiles and other 
animals of that class been abundant in a fossil state, as 
in some of the newer secondary formations, we must 
have inferred the existence of rivers, which could only 
have drained large tracts of land. Nor have the bones 
of any terrestrial mammalia rewarded our investiga- 
tions. Their absence may be regarded by some geok>- 
gists as corroborating the theory of the non-existence 
of the higher orders of animals in the earlier ages : but 
the circumstance may, perhaps, be connected with the 

* See some ingenious speculations to this effect, in the work of 
M. Ad. Brongniart, Consid. Centrales sur la Nat. de la V^^ 
&c., Ann. des Sci. Nat^ Nov. 1828. 

f The supposed saurian teeth found by Dr. Hibbert in the 
carboniferous limestone of Burdie House, near Kdinbureb hate 
since been clearly referred by Dr. Agassiz to sauroidal fish. 
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geographical condition of tlie oorthern hemiBphere at 
that time ; for it is a general character of small islands 
remote from continents, to be altogether destitute of 
land quadrupeds, except such as appear to have been 
conveyed to them by man. Kerguelen's land, which is 
of no inconsiderable size, placed in lat. to" W S,, a pa- 
rallel corresponding to that of the Scilly islands, may 
be cited bb an example, as may all the groups of fer- 
tile islands in the Pacific Ocean between the tropics, 
where no quadrupeds have been found, except the 
dog, the hog, and the rat, which have probably been 
brought to them by the natives, and also bats, which 
may have made their way along the chain of islands 
extending from the slioreB of New Guinea ffir into the 
southern Pacific* Even tlie islands of New Zealand, 
which may be compared to Ireland and Scotland in 
dimensions, appear to possess no indigenous quad- 
rupeds, except the bat ; and this becomes the more 
striking, when we recollect that the northern extre- 
mity of New Zealand stretches to latitude 34)°, where 
the warmth of the climate must greatly favour the 
prolific development of organic life. 

So far then the examination of the phenomena ex- 
hibited by the greywack^ and carboniferous groups 
accord well with the prevalence of such a state of 
physical geography in the northern hemisphere as 
would have given rise to a hot and uniform cUmate. 
The subaqueous aspect of the igneous products, — the 
continuity of marine deposits over vast spaces — the 
basin-shaped disposition of the fragmentary rocks — 
the insular character of the flora — the absence of large 
fluviatile reptiles and of land quadrupeds, — all concur 

• Prichard's Phys, Hist, of Man., vol. i. p, 75. 
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to establish the fact of the northern hemisphere ha?- 
ing been pervaded by a great ocean, interspersed, lib 
the south Pacific, with small islets or lands of moderate 
dimensions, and with insular or submarine volcano8« 

Changes in physical geography between the fonMi- 
Hon of the carboniferous strata and the chaOu^ 
We have evidence in England that the strata of the 
ancient carboniferous group, already adverted to, were, 
in many instances, fractured and contorted, and often 
thrown into a vertical position before the deposition of 
some of the newer secondary rocks, such as the neir 
red sandstone. 

Fragments of the older formations are sometimes 
included in the conglomerates of the more modem; anl 
some of these fragments still retain their fossil sheDa 
and corals, so as to enable us to determine the parent 
rocks from whence they were derived.* There are 
other proofs of the disturbance at successive epochs 
of different secondary rocks before the deposition of 
others ; and satisfactory evidence that, during these 
reiterated convulsions, the geographical features of the 
northern hemisphere were frequently modified, and 
that from time to time new lands emerged from the 
deep. The vegetation during some parts of the period 

* Thus, for example, on the banks of the Avon, in the Bristtd 
coal-field, the dolomitic conglomerate, a rock of an age interme- 
diate between the carboniferous series and the lias, rests on the 
truncated edges of the coal and mountain limestone, and contains 
rolled and angular fragments of that limestone, in which its charac- 
teristic mountain-limestone fossils are seen. For accurate sections 
illustrating the disturbances which rocks of the carhoniferous se- 
ries underwent before the newer red sandstone was formed, the 
reader should consult the admirable memoir of the south-western 
coal district of England, by Dr. Buckland and Mr. Conybeare* 
Geol. Trans, vol. i. second series. 
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in question (from the l!as to the chalk inclusive), 
appears to have approached to that of the larger 
blands of the equatorial zone ; such, for example, as 
we now find in the West I ndiam archipelago.* These 
islands appear to have been drained by rivers of con- 
siderable size, which were inhabited by crocodiles and 
gigantic oviparous reptiles, both herbivorous and car- 
nivorous, belonging for the most part to extinct genera. 
Of the contemporary inhabitants of the land we have 
as yet acquired but scanty information, but we know 
that there were flying reptiles, insects, and small mam- 
mifera, allied to the opossum. 

When describing the Wealden, one of the upper 
members of the great secondary series, and evidently 
of freshwater origin, I shall point out the reasons 
which incline roe to believe that, when those strata 
originated, a large continent advanced very near to the 
space now occupied by the south-eastern extremity of 
England. A river, equal, perhaps, in size to the Ganges 
or the Indus, seems to have continued to pour its turbid 
waters for ages into the sea in those latitudes at the 
period referred to. + 

It might at first appear, that the position of a con- 
tinent so lar to the north, as the counties of Surrey 
and Sussex, at a time when the mean temperature of 
the climate is supposed to have been much hotter 
than at present, is inconsistent with the theory before 
explained, that the heat was caused by the gathering 
together of all the great masses of land in low lati- 
tudes, while the polar regions were almost entirely 
sea. But provided that none of the land was arctic or 

• Ad. BroDBniart, Consid. Geo^rnlea sut la Nat, de la Vdgti. 
&c. Ann. des Scj. Nst., Nov. IB^S 
I Sec Bookiv. clinp. ixiit. 
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antarctic, and a large part of the continents intra- 
tropical, considerable elevation of temperature may be 
presumed to result, even when large continental tracts 
were prolonged from the equatorial to the temperate 
zone. 

Changes during the tertiary periods. — It will be 
seen hereafter* that the Maestricht beds are classed 
as the newest of the secondary series ; and the fossils 
of that group, including the remains of gigantic rep- 
tiles, indicate the prevalence of a very hot dimate. 
Between this uppermost member of the secondaij 
series, and the oldest of the newer class of formation 
called tertiary, there is a remarkable discordance as 
to species of organic remains, none having yet beo 
found common to both. This abrupt transition fam 
one set of fossils to another, is also accompanied bj 
evident signs of a change of climate ; the older te^ 
tiary species having a far less tropical aspect thu 
those found fossil in the newest secondary group. 

Nor are there wanting signs of a decided coinci- 
dence between this alteration of climate, and geogra- 
phical changes which occurred between the formation 
of the cretaceous series and that of the older tertiaiy 
group.f On comparing the tertiary formations of difi- 
rent ages, we may trace a gradual approximation in the 
imbedded fossils from an assemblage in which extinct 
species predominate, to one where the species agree 
for the most part with those now existing. In other 
words, we find a gradual increase of animals and plants 
fitted for our present climates, in proportion as the 
strata which we examine are more modern. Now, 

* See Book iv. chap, xxiii. 

f See chaps, xxi. and xxii. B. iv. on the period of the elentMB 
of the chalk of the S. £. of England. 



Ch.Tlil.] AND CLIMATE CONTEMPORANEOUS. SOS 

(luring all these successive tertiary periods, there 
are signs of a great increase of tand in European 
latitudes. By reference to the map (PI. II.), and its 
description, p. 209., the reader will see how great have 
been the physical revolutions which have occurred 
since the commencement of the tertiary period. 

In the present state of Europe, the chalk and asso- 
ciated strata, are of considerable extent, and some- 
times rise to the summits of lofly mountains. As all 
the members of this group contain almost exclusively 
marine remains, it follows that every tract which 
they now occupy has, since their origin, been con- 
verted from sea into land, and, in some cases, from 
deep sea to mountains of great altitude. We cannot 
doubt that part of the changes alluded to happened 
before the older tertiary strata originated ; because 
these last consist, in a great degree, of the ruins of 
the newer secondary rocks; which must therefore 
have been raised and exposed to aqueous erosion before 
the derivtUive beds were formed. It will moreover be 
seen, in the fourth book, (chap, iii.,) that the secondary 
and tertiary formations, considered generally, may be 
contrasted as having very different characters ; the 
one appearing to have been deposited in open seas, 
the other in regions where dry land, lakes, bays, and 
perhaps inland seas, abounded. The secondary series 
is almost esclusively marine ; the tertiary, even the 
oldest part, contains lacustrine strata, and not un- 
frequenlly freshwater and marine beds alternating. 

Now, the facts depicted in the map (PI. II. p. 209.), 
demonstrate that about two thirds of the present 
European lands have emerged since the earliest of 
these tertiary groups originated. Nor is this the only 
K 6 
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change which the same region has \mdergone within 
this comparatively modem period ; some tracts, which 
were previously land, having gained in altitude, or, on 
the contrary, having sunk below their former level, 
within the period alluded to. 

The evidence that this rise of land did not take 
place all at the same time, is most striking. Several 
Italian geologists, even before the time of Brocdii 
had justly inferred that the Apennines were elevated 
several thousand feet above the level of the Medi- 
terranean, before the deposition of the recent Su1»- 
pennine beds which flank them on either side. Whit 
now constitutes the central calcareous chain of tbe 
Apennines must for a long time have been a narroir 
ridgy peninsula, branching off, at its northern extre- 
mity, from the Alps near Savona. This peninsula has 
since been raised from one to two thousand feet, by 
which movement the ancient shores, and, for a certain 
extent, the bed of the contiguous sea, have been laid 
dry, both on the side of the Mediterranean and the 
Adriatic. 

The nature of these vicissitudes will be explained 
by the accompanying diagram, which represents a 




JMiedUerraneath 



transverse section across the Italian peninsula. The 
inclined strata A are the disturbed formations of the 
Apennines into which the ancient igneous rocks a are 
supposed to have intruded themselves. At a lower 
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level on each flank of the chain are the m 
shelly beds b b, which often contmii rounded pebbles 
derived from the waste of contiguous parts of the 
older Apennine limestone. These, it will be seen, 
are horizontal, and lie in what is termed " unconform- 
able stratification " on the more ancient series. They 
now constitute a line of hills of moderate elevation 
between the sea and the Apennines, but never pene- 
trate to tlie higher and more ancient valJeys of that 

The same phenomena are exhibited in the Alps on 
a much grander scale; those mountains being com- 
posed in some even of their higher regions of newer 
secondary formations, while they are encircled by a 
great zone of tertiary rocks of different ages, both on 
their southern flank towards the plains of the Po, and 
on the side of Switzerland and Austria, and at their 
eastern termination towards Styria and Hungary.* 
This tertiary zone marks the position of former seas 
or gulfs, like the Adriatic, which were many thousand 
feet deep, and wherein masses of strata accumulated, 
some single groups of which seem scarcely inferior in 
thickness to the whole of our secondary formations in 
England. These marine tertiary strata have been 
raised to the height of from two to four thousand feet, 
and consist of formations of different ages, charac- 
terized by different assemblages of ot^nized fossils. 
The older tertiary groups generally rise to the greatest 
heights, and form interior zones nearest to the central 



■ S» a MeDiuir on tlie Alps, by Pruressor Sedgnick and Mr. 
urjhiBDD. Ttaiu, of Geo). Soc. ■econd Ur, voL lii. accompulied 
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ridges of the Alps. Although we have not yet ascef' 
tained the number of different periods at which the 
Alps gained accessions to their height and width, yet 
we can affirm, that the last series of movements 
occurred when the seas were inhabited by manj 
existing species of animals. 

We may imagine some future series of convulsioni 
once more to heave up this stupendous chain, together 
with the adjoining bed of the sea, so that the momi" 
tains of Europe may rival the Andes in elevation; 
in which case the deltas of the Po, Adige, and Brents, 
now encroaching upon the Adriatic, might be uplifted 
so as to form another exterior belt of considerahk 
height around the south-eastern flank of the Alps. 

The Pyrenees, also, have acquired the whole of their 
present altitude, which in Mont Perdu exceeds eleven 
thousand feet, since the origin of some of the newer 
members of our secondary series. The granitic axil 
of that chain only attains about the same height as a 
ridge formed by marine calcareous beds, the organic 
remains of which shew them to be the equivalents of 
our chalk and green-sand series.* The tertiary strats 
at the base of the chain are raised to the height of 
only a few hundred feet above the sea, and retain a 
horizontal position, without partaking in general in the 
disturbances to which the older series has been sub- 
jected ; so that the great barrier between France and 
Spain was almost entirely upheaved in the interval 
between the deposition of the chalk and certain ter- 
tiary strata. The Jura, also, owes a great part of its 
present elevation to subterranean convulsions which 

* This observation, first made by M. Boue, has been since con- 
firmed by M. Dufrenoy* 
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happSDed after the deposition of certain terti 
groups,* 

The remarkable break above alluded to, between 
most modem of the known secondary rocks and thi 
oldest tertiary, may be in some measure apparent only, 
and ascrlbable to the present deficiency of our inform- 
ationf ; in which case the signs of the intermediate 
steps, by which a passage was effected from one state 
of things to another, may hereafter be discovered. 
Nevertheless, it is far from impossible that the interval 
betweeil the chalk and tertiary formations constituted 
an era in the earth's history, when the transition from 
one class of organic beings to another was, compara- 
tively speaking, rapid. For if the doctrines above ex- 
plained in regard to vicissitudes of temperature are 
sound, it will follow that changes of equal magnitude 
in the geographioal features of the globe, may at dif- 
ferent periods produce very unequal effects on climate ; 
and, so far as the existence of certain animals and 
plants depends on climate, the duration of species 
would be shortened or protracted, according to the 
rate at which the change of temperature proceeded. 

Even if we assume that the intensity of the subter- 
ranean disturbing forces is uniform and capable of 
producing nearly equal amounts of alteration on the 
surface of the planet, during equal periods of time, 
still the rate of alteration in climate would be by no 
means uniform. Let us imagine the quantity of land 
between the equator and the tropic in one hemisphere 
to be to that in the other as thirteen to one, which, as 

* M. Elie de Beaumont Ann. desSci. Nal., D 
[ Sm Book li. cbap. 33. 
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before stated, represents the unequal proportion of the 
extra-tropical lands in the two hemispheres at present 
Then let the first geographical change consist in the 
shifting of this preponderance of land from one side of 
the line to the other, from the southern hemisphere, 
for example, to the northern. Now this need not 
affect the general temperature of the earth. But if, at 
another epoch, we suppose a continuance of the same 
agency to transfer an equal volume of land from the 
torrid zone to the temperate and arctic regions of the 
northern and southern hemisphere, or into one of 
them, there might be so great a refrigeration of the 
mean temperature in all latitudes^ that scarcely any of 
the pre-existing races of animals would survive, ani 
unless it pleased the Author of Nature that the planet 
should be uninhabited, new species would then be sub- 
stituted in the room of the extinct. We ought not, 
therefore, to infer, that equal periods of time are always 
attended by an equal amount of change in organic life, 
since a great fluctuation in the mean temperature of 
the earth, the most influential cause which can be 
conceived in exterminating whole races of animals and 
plants, must, in different epochs, require unequal por- 
tions of time for its completion. 
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comparatively recent epoch to which the retrospect is 
carried, the variations in the distribution of land and 
sea depicted on the map form only a part of thoee 
which must have taken place during the period under 
consideration. Some approximation has merely been 
made to an estimate of the amount of sea converted into 
land in part of Europe best known to geologists ; but 
we cannot determine how much land has become sea 
during the same period ; and there may have been 
repeated interchanges of land and water in the same 
places, changes of which no account is taken in the 
map, and respecting the amount of which little acca- 
rate information can ever be obtained. 

I have extended the sea in two or three instances I 
beyond the limits of the land now covered by tertiaiy I 
formations, because other geological data have been L 
obtained for inferring the submergence of these tracts 
after the deposition of the tertiary strata had begun. 
Thus I shall explain, in the 4th Book^, my reasons for 
concluding that part of the chalk of Gngland (the 
north and south downs, for example, together with the 
intervening secondary tracts) continued beneath the 
sea until the Eocene or earliest tertiary beds had 
begun to accumulate. 

It is possible also that a considerable part of Caer- 
narvonshire might with propriety have been repre- 
sented as sea, if our information respecting the geology 
of that county had been more complete ; for marine 
shells have been found in sand and gravel at the 
height of one thousand feet above the level of the 
sea, on the summit of Moel Tryfane, between Snow* 
don and the Menai Straits. The species, so &r as 

* Ch. xxi. and xxii. 
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they can be recognized by the ftagnients hitherto col- 
lected, are' recent, and the formation appears to be 
newer than the crag.* 

The introduction of a small bay where tbe river 
Kibble enters into the sea in Lancashire is wEirraated 
by a newly discovered deposit of tertiary shells cover- 
ing an area of about thirty miles square in that 
region.f 

A portion also of the primary district in Brittany is 
divided into islands, because it has been long known to 
be covered with patches of marine tertiary strata; and 
when I examined the disposition of these, in company 
with my friend, Captain S. E. Cook, R. N., in ] 830, I 
was convinced that the sea must have covered much 
larger areas than are now occupied by these small and 
detached deposits. 

The former connexion of the White Sea and the 
Gulf of Finland is proved by the fact that a broad 
band of tertiary strata extends throughout part of the 
intervening space. The channel, it is true, is repre- 
sented as somewhat broader than the tract now occu- 
pied by the tertinry formation; because the latter is 
bordered on the north-west by a part of Finland, which 
is extremely low, and so thickly interspersed with lakes 
as to be nearly half covered with fresh water. 

Certain portions of the western shores of Norway 
and Sweden have been left blank, because the dis- 
covery by Vou Buch, Brongniart, and others, of de- 
posits of recent shells along the coasts of those countries, 



* J. TriniTner, Esq. Proceedings Geo). Soc. LDiidon, No. 32. 
1S31. 

f See memoir b; Mr. MurchiuD, Proceedines of York Meet- 
ing, 1 83 1. 
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at several places and at various heights above the level 
of the sea, attest the comparatively recent date of the 
elevation of part of the gneiss and other primary rocb 
m that country, although we are unable as yet to deter- 
mine how far the sea may have extended. 

On the other hand, a considerable space of lowland 
along the shores on both sides of the Gulf of Bothnia, 
m the Baltic, is represented as sea, because the gra- 
dual rise of the land and the shoaling of the water on 
that coast, known to have taken place during the hb- 
torical era, leave no room for doubt that the boundaiiei 
of the gulf must have been greatly contracted within 
a comparatively modem period. Beds of sand and 
clay are also found far inland in these parts, containing 
fossil shells of species now inhabiting the neighbouriDg 
seas. A portion of Scania, and other tracts in the 
south of Sweden, have also been marked with ruled 
lines, because they are covered with clay, sand, and 
erratic blocks, which appeared to me, after examining 
the district, to be tertiary. If the space overspread hy 
such formations were more accurately known, the area 
represented as land in this part of Europe, would, 
doubtless, be much more circumscribed. 

I was anxious, even in the title of this map, to guard ^ 
the reader against the supposition that it was intended 
to represent the state of the physical geography of part 
of Europe at any one point of time. The difficulty, or 
rather the impossibility, of restoring the geography of 
the globe as it may have existed at any former period, 
especially a remote one, consists in this, that we can 
only point out where part of the sea has been turned 
into land, and are almost always unable to determine 
what land may have become sea. All maps, therefore, 
pretending to represent the geography of remote geo- 
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logical epochs must be ideal. The map under con- 
sideration is not a reBtoration of a former state of 
things, at any particular moment of time, but a synop- 
tical view of a certain amount of one kind of change 
(the conversion of sea into land) known to have been 
brought about within a given period. 

It may be stated that the movements of earth* 
quukes occasion the subsidence as well as the uprais- 
ing of the flurface ; and that, by the alternate rising 
and sinking of particular spaces, at successive periods, 
a great area may have been entirely covered with ma- 
rine deposits, although the whole may never have been, 
beneath the waters at one time ; nay, even though the 
relative proportion of land and sea may have continued 
unaltered throughout the whole period. I believe, 
however, that since the commencement of the tertiary 
period, the dryland in the northern hemisphere has 
been continually on the increase, both because it is 
now greatly in excess beyond the average proportion 
which land generally boars to water on the globe, andbe- 
cause a comparison of the secondary and tertiary strata 
affords indications, as 1 shall endeavour to shew here- 
after, of a passage from the condition of an ocean inter- 
spersed with islands to that of a large continent.* 

But supposing it were possible to represent all the 
vicissitudes in the distribution of land and sea that 
have occurred during tlie tertiary period, and to ex- 
hibit not only the actual existence of land where there 
was once sea, but also the extent of surface now sub- 
merged which may once have been land, the map 
would still faU to express all the important revolutions 
in physical geography which have taken place within 



IL 



* See Book iv. cbap. iiL 
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the epoch under consideration. For the oscillatiaiuof 
level, as was before stated, have not merelj been sudi 
as to lift up the land from below the waters, bat m 
some cases to occasion a rise of several thousand &et 
above the sea. Thus the Alps have acquired m 
additional altitude of from 2000 to 4000 feet, and even 
in some places still more; and the Apennines owes 
considerable part of their height (from 1000 to 2OO0 
feet and upwards) to subterranean convulsions whid 
have happened within the tertiary epoch. 

On the other hand, some mountain chains may love 
been lowered during the same series of ages, in ■ 
equal degree, and shoals may have been converted 
into deep abysses.* 

Concluding remarks on changes in physical geognqkl» 
— These observations, it may be said, are confined ti 
Europe, and therefore to a space which constitutes 
a small portion of the northern hemisphere ; but i 
appeared from the remarks offered in the preceding 
chapter, that the great Lowland of Siberia, lying chidN 
between the latitudes 55° and 75° N. (an area nesrij 
equal to all Europe) is covered for the most part bf 
marine strata, which, from the account given by Fdtt 
and other writers^ may be considered as of tertiiij 
formation. 

Upon a review of all the phenomena above ens* 
merated, there appear grounds for inferring that the 
eras of the principal alterations in climate, as deduced 
from fossil remains, were coincident with the p^iods 
of the most remarkable changes in die former positioD 

* It may be observed, that the facts and inferences exhibited i& > 
this map bear not merely on the theory of climate above propoiei I 
but serve also to illustrate the views explained in the third book I 
respecting the migrations of animals and plants, and the griduil 
extinction of species. 



Ch. vm.J AKD CLiMATE CONTEMPOEANEOUa. 215 

of sea and land. A wide expanse of ocean interspersed 
with islands, seems to havepervaded thenorthern hemi- 
sphere at the periods when the transition and carboni- 
ferous rocks were formed, and the temperature was 
then hottest and moat uniform. Subsequent modific- 
ations in climate accompanied the deposition of the 
secondary formations, when repeated changes were 
effected in the physical geography of our northern 
latitudes. Lastly, the refrigeratioD became most de- 
cided, and the climate roost nearly assimilated to that 
now enjoyed, when the lands in Europe and northern 
Asia had attained their full extension, and the moun- 
tain chains their actual height. 

It has been objected to this theory of climate, that 
there are no geological proofs of the prevalence at any 
former period of a temperature Unoer than that now 
enjoyed ; whereas, if the causes above assigned were 
the true ones, it might reasonably have been expected 
that fossil remains would sometimes indicate colder as 
well as hotter clhnates than those now established." 
In answer to this objection, I may suggest, that our 
present climates are probably far more distant from 
the extreme of possible heat than from its opposite 
extreme of cold. A glance at the map (PI. I, fig. 1.) 
will shew that all the existing lands might be placed 
in the zone intervening between the 30th parallels of 
latitude on each side of the equator, and that even 
then they would by no means h!l that space. In no 
other position would they give rise to so high a tem- 
perature. But in the present geographical condition 

* Allgeincine Literatur Zcitutig, No. ciiiii. July, 1SS3. 
Since the last edition was pulilished, 1 have Ivoml, that I nas ini»< 
iafomicd in imputing this criCicisni to Count SternlKrg. 



J 



216 CHANGES OF THE SURFACE. [Boolt 

of the earth, the land excluded fVom this zone^ and 
lying between the poles and the parallels of 30^, isia 
great excess ; so much so that, instead of being to the 
sea in the proportion of 1 to 3, which is as nearai 
possible the average general ratio throughout the 
globe, it is as 9 to 23.* Hence it ought not to sur- 
prise us if, in our geological retrospect, embradog; 
perhaps, a small part only of a complete cycle of ehange 
in the terrestrial climates we should happen, to discover 
every where the signs of a higher temperature. Hie 
strata hitherto examined may have originated whee 
the quantity of equatorial land was always decreasii^ 
and the land in regions nearer the poles augmenting k 
height and area, until at length it attained its preseit 
excess in high latitudes. There is nothing improbafaie 
in supposing that the geographical revolutions iaaat^ 
diately preceding our times had this tendency; and ill 
that case the refrigeration must have been conitanl) 
although, for reasons before explained, the rate of cod- 
ing may not have been uniform. 

Theory of Central Heat, — The gradual diminution 
of the supposed central heat oi the globe has been 
resorted to by many geologists as the principal cause 

* In this estimate, the space within the antarctic circle, of wfaicb 
nothing certain is known, is not taken into account : if included, 
it would probably add to the excess of dry land j for the great accu- 
mulation of ice in the antarctic region seems to imply the pntCBce 
of a certain quantity of terra firma. The number of square miiii 
on the surface of the globe, are 148,522,000, the part occupied 
by the sea being 110,849,000, and that by land, 37,673,000-10 
that the land is very nearly to the sea as 1 part in 4, I am in- 
formed by Mr. Gardner, that, according to a rough approximatioii» 
the land between the S0° N. lat and the pole occupies a mt ^ 
€hw,t equal to that of the sea, and the land between the SO* & lit 
and the antarctic circle about ^ of that zone. 
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< of alterations of climate. The matter of our planet is 
imagined, according to the conjecture of Leibnitz, to 
have been originally in an intensely heated slate, and 
to liave been parting ever since with portions of its 
heat, at die same time that it has contracted its di- 
mensions. There are, undoubtedly, some grounds for 
inferring, from recent observation and experiment, that 
tJie temperature of the earth increases as we descend 
from the surface to that slight depth to which man can 
penetrate ; but tiiere are no proofs of a secular decrease 
of heat accompanied by contraction. On the contrary, 
XiB Place has shown, by reference to astronomical 
iduervations made in the time of Hipparchus, that in 
the last two thousand years there has been no sensible 
4H>ntractioJi of the globe by cooling : for had this been 
the case, even to an extremely small amount, the day 
irould have been shortened, whereas its length has 
certainly uot diminished during that period by -^^^ th 
of a second. Baron Fourier, after making a curious 
aeries of experiments on the cooling of incandescent 
bodies, has endeavoured, by profound mathematical 
calculations, to prove that the actual distribution of 
beat in the earth's envelope is precisely that which 
vould have taken place if the globe had been formed 
in a medium of a very high temperature, and had afler- 
'wards been constantly cooled. * 

Now this conclusion is appealed to by many as cor- 
roborating the theory of secular refrigeration, although 
the phenomenon might perhaps be ascribed, with equal 
propriety, to the action of volcanic heal, which we 

• Sec a Memoir on Uie TeropcraUire of the Tenwtrial Globe, 
and the FlaneUry Spices, Ann. de Cliimie at Phf >. Mm, U«ii> 
p. 13g. Oct. 1834, 

VOL. I, L 
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know has, in former ages, shifted its points o£ diirf 
development over every part of the earth's crust. 

M. Cordier announces, as the result of his expefi- 
ments and observations on the temperature of the m- 
terior of the earth, that the heat increases rapidly with 
the depth ; but the increase does not follow the same 
law over the whole earth, being twice or three time 
as much in one country as in another, and these difo 
ences are not in constant relation either with the 
latitudes or longitudes of places.* All this is pre 
cisely what we should have expected to arise fhn 
variations in the intensity of volcanic heat, and fin 
that change of position, which the principal theatre 
of volcanic action can be proved to have undergone 

But the advocates of the doctrine of central faei 
contend, that although no contraction can be demaH 
strated to have taken place within the historical 
(the operation being slow and the time of obs 
limited), yet it is no less certain that heat is annuiO^ 
passing out by radiation from the interior of the glok 
into the planetary spaces. Fourier even undertook tt 
demonstrate that the quantity of heat thus transmitted 
into space in the course of every century, throogii 
every square metre of the earth's surface, would srf • 
fice to melt a column of ice having a square metre I 
for its base, and being three metres (or 9 feet 10 
inches) high. On the other hand, it is said, there is 
no assignable mode in which this heat can be i^ 
restored to the earth. 

Streams of incandescent lava rise up from unknown 
depths, flow out upon the surface, and before they 

* See M. Cordier*s Memoir on the Temperature of the Interior 
of the Earth, read to the Academy of Sciences, 4th June. 182T> 
•» Edin. New Phil. Journal, No. viii. p. 273. 
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consolidate emit much light and heat In what manner 
does the igneous and Imninous matter thus withdravrn 
from our planet return again from the celestial spaces? 
or, if lo!^t. does it not imply a coDttouul cooling of the 
central parts of the earth ? 

This argument may appear plausible, until we reflect 
how ignorant we are of the sources of volcanic heat, 
or Indeed of the nature of light and heat in general. 
It is doubtless true, that light and heat are continually 
emanating from the earth ; but, in the same manner, it 
may be saiil that they escape without intermission 
from the sun, and we know not whether there be any 
compensating causes which again restore them to that 
luminary. — "It is a mystery," says Herschel, speaking 
of the sun, " to conceive how so enormous a conflagra- 
tion (if such it be) can be kept up. Every discovery 
in chemical science here leaves us completely at a loss, 
or rather seems to remove farther the prospect of 
probable explanation. May not," he adds, " a continual 
current of electric matter be constantly circulating in 
the sun's immediate neighbourhood, or traversing the 
planetary spaces?" &c.&c.» 

Astronmiiicai causes of Jtuciimtions in climate. — Sir 
John Herschel has lately Inquired, whether tJiere are 
,Bny astronomical causes which may offer a possible 
explanation of the difference between the actual cli- 
mates of the earth's surface, and those which formerly 
appear to have prevailed. He has entered upon this 
subject, he says, " impressed with the magniHeence 
of that view of geological revolutions, which regards 
them ratlier as regular and necessary effects of great 
and general causes, than as resulting from a series of 
convulsions and catastrophes, regulated by no laws, 

• Treatise oil Astronomj, 5 337. 

I. 2 
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and reducible to no fixed principles." Oedittietcftrs, ht 
adds, have demonstrated the absolute inviariabi% 
of the mean distance of the earth fVom the mb; 
whence itirould at first seem to fdllo^r, that the meMi 
annual supply of light and heat derived from tint 
luminary Would be tilike invariable : but a closer cod. 
JBideration of the subject will show, that this would ntt 
be a legitimate conclusion ; but that, on the conlraiy, 
the mean amount of solar radiation is dependent th 
'the excentricity of the earth's orbit, and 'thelrefbke 
licible to variation.* 

Now, the excentricity of the orbit, he conftnitM> 
is actually diminishing, and has been so foY ages ht 
*y6nd the records of history. In conse<}u^nce, thedl^ 
is ih a state df approach to a circle, and the annual «l^ 
YiBge of sohir heat radislted to the earth is acttnilljontte 
'decrease. So far this is in accordance 'with ^eol< 
Evidence, 'which indicates a general refriger^dn' 
ielimaite ; but the question remains, whether' the tLtiunM 
bf ditnlnution which ths excentricity may have 6fti 
undergone, can be supposed sufficient to accdutit'fii 
any sensible refrigeration. The calculations nedesauy 
*to deterirtirie this point, {hough practicable, have'nerer 
yet been hiade, and would be extremely laboriotis; 
'for they must embrace all the perturbations Which the 
"taost influential planets, Venus, Mars, Jupiter, 4A 



* The theorem is thus stated: — " The excentricity of the «tt 
varying, the total quantity of heat received by the earth frwn ^ 
sun' in one revolution is inversely proportional to the minor aiis 
^f 'the "orbit. I'Be'tftajor axis is invaHal&le, and th^refbre, of I 
'<?oUi^,- the absolute I^gth 6f the '^e^ : Heftfce' it fMlows Ifaftrifce 
"taeem anniHtrai'epAgef^ffleat ivillalto'betti thr' ttamu itiitflStfliio 
of the minor axb.'* — Geol. Trans, second series, voL iii, p. S95« 
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Saturn, would cause in the earth's orbit, and in each 
other's movements round the sun. 

The problem is also very complicated, inasmuch as 
it depends not merely on the ellipticity of the earth's 
orbit, but on the assvmQd temperature of the celestial 
spaces beyond the earth's atmosphere ; a matter still 
open l» discussion, and on which MM. Fourier and 
Herschel have arrived at very different opinions. 
But if, says Herschel, we suppose an extreme case, 
as if the earth's orbit should ever become as excentric 
as that of the planet Juno, or Pallas, a great change of 
climate might be conceived to result, the winter and 
summer temperatures being sometimes mitigated, and 
at others exaggerated, in the same latitudes. 

It is much to be desired that the calculations alluded 
to were executed, as even, if they should demonstrate, 
as M. Arago thinks highly probable*, that the mean 
amount of solar radiation can never be materially 
afife^ted l^y irregularities m the eartk's npoAion^ it wou^d 
stjJX be satisfactory to ascertain tlie point. Such in- 
qijijrie% however, can never supercede the necessity of 
investigating the^ consequences of the varying position 
of continents, shifled as we know them to have been 
d^rii^ successive epoclis, from one part of the globe 
to the other. 

*AQn. du Bur. 4esLpng. 1834. 
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CHAPTER IX. 

FARTHER DISCUSSION OF THE QUESTION AS TO THE DV* 
CORDANCE OF THE ANCIENT AND MODERN CAUSES « 
CHANGE. 

Theory of the progressive development of organic lif«-:— EvidcMi 
in its support inconclusive — Vertebrated aninialfi, and plnfe 
of the most perfect organization in strata of very high antiqai^ 
(p. ii2T,) — Differences between the organic remains of fl^ 
cessive formations — Remarks on the comparatively modn 
origin of the human race fp. 239.) — The popular doctrine cf 
successive development not confirmed by the admissioD tM 
man is of modem origin — Introduction of man, to fte 
extent a change in the system (p. 243.) 

Progressive development of organic life. — In the pre- 
ceding chapters I have considered many of the moil 
popular grounds of opposition to the doctrine, that il 
former changes of the organic and inorganic creatioD 
are referrible to one uninterrupted succession of phy- 
sical events, governed by the laws of Nature now ii 1 
operation. 

As the principles of our science must always remain 
unsettled so long as no fixed opinions are entertained 
on this fundamental question, I shall proceed to ex- 
amine other objections which have been urged against 
the assumption of the identity of the ancient and mo- 
dern causes of change. A late distinguished writer 
has formally advanced some of the most popular of 
these objections. "It i^ impossible," he affirms, "to 
defend the proposition, that the present order of things 
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is the ancient and constant order of nature, only modi- 
fied by existing laws : in those strata which are deep- 
est, and which must, consequently, be supposed to be 
the earliest deposited, forms even of vegetable life are 
rare; shells and vegetable remains are found in the 
next order ; the bones of fishes and oviparous reptiles 
exist in the following class ; the remains of birds, with 
those of the same genera mentioned before, in the next 
order; those of quadrupeds of extinct species in a still, 
more recent class ; and it is only in the loose and 
slightly consolidated strata of gravel and sand, and 
which are usually called diluvian formations^ that the 
remains of animals such as now people the globe are 
found, with others belonging to extinct species. But,, 
in none of these formations, whether called secondary, 
tertiary, or diluvial, have the remains of man, or any 
of his works, been discovered ; and whoever dwells 
upon this subject must be convinced, that the present 
order of things, and the comparatively recent existence 
of man as the master of the globe, is as certain as the 
destruction of a former and a different order, and the 
extinction of a number of living forms which have no 
types in being. In the oldest secondary strata there 
are no remains of such animals as now belong to the 
surface ; and in the rocks, which may be regarded as 
ipore recently deposited, these remains occur but rarely, 
and with abundance of extinct species ; — there seems, 
as it were, a gradual approach to the present system of 
things, and a succession of destructions and creations 
preparatory to the existence of man."* 

• Sir H. Davy, Consolations in Travel, Dialogue III. " The 
Unknown." 

L 4 
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In the above passages, the author deduces two fn* 
portant conclusions from geological data : first, that b 
the successive groups of strata, from the oldest to the 
most recent, there is a progressive development of 
organic life, from the simplest to the most complicated 
forms; — secondly, that man is of comparative! j receal 
origin. It will be easy to show that the first of these 
propositions, though very generally received, has bat 
a slender foundation in fact The second, on the 
contrary, is indisputable ; and it is important, therefore^ 
to consider how far its admission is inconsistent witk 
the doctrine, that the system of the natural worU 
may have been uniform from the beginning^, or rafter 
from the era when the oldest rocks hitherto discoveiri 
were formed. 

First, then, let us consider the geological proofs t^ 
pealed to in support of the theory of the succeuire 
development of animal and vegetable life, and their 
progressive advancement to a more perfect state. Ke 
geologists who are in possession of all the data net ! 
established respecting fossil remains, will for a moment 
contend for the doctrine in all its detail, as laid down 
by the great chemist to whose opinions we have rt 
ferred ; but naturalists, who are not unacquainted with '■. 
recent discoveries, continue to defend it in a modified ^ 
form. They say that, in the first period of the world, 
(by which they mean the earliest of which we haft 
yet procured any memorials,) the vegetation consisted 
almost entirely of cryptogamic plants, while the ani- 
mals which co-existed were almost entirely confined to 
zoophytes, testacea, and a few fish. Plants of a less 
simple structure succeeded in the next epoch, when 
oviparous reptiles began also to abound. Liastly, the 
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terrestrial flora became most diversified and most per- 
fect ivhen the liiglicst orderi of aaimaU, t|ie mammi- 
fera and birds, were called into existence- 

Now, in ihe tirst place, it may observed, that many 
naturalists are guilty of no small inconsistency in en- 
deavouring |o connect the plicnomens of the earliest 
vegetation with a nascent condition of organic lifej 
wid at the same time to deduce from the numerical 
predominance of certain types of form, the greater 
heat of the ancient climate. The arguments in favour 
of the latter conclusion are without any force, unless 
we can assume tliat the rules followed by the Author 
of Nature in the creation and distribution of organic 
beings were the same formerly as now i and that, as 
certain families of animals and plants are now most 
abundant, or exclusively confined, to regions where 
there is a certain temperature, a certain degree of 
humidity, a certain intensity of light, and other condi- 
tions, so also the same phenomena were exhibited at 
every farmer era. 

If this postulate be denied, and the prevalence of 
particular families be declared to depend on a certain 
order of precedence in tlie introduction of dilferent 
classes into the earth, and if it be maintained tliat the 
standard of organization was raised successively, we 
must tlien ascribe the numerical preponderance in the 
earlier ages of plants of simpler structure, uot to the 
heat, but to those different laws which regulate organic 
life in newly created worlds. If, according to the lawi 
of progressive development, cryptogamic plants always 
flourish for ages before the dicotyledonous order can 
be established, then is the small proportion of the latter 
fully explained ; for in this case, whatever may have 
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been the mildness or severity of the climate^ they could 
not make their appearance. 

Before we can infer an elevated temperature in hi^ 
latitudes, from the presence of arborescent Fern, 
Lycopodiaces, and plants of other allied families, le 
must be permitted to assume, that at all times, patfi 
present, and future, a heated and moist atmo^hen 
pervading the northern hemisphere has a tendency t» 
produce in the vegetation a predominance of analc^ov 
types of form. 

In the ancient strata of the carboniferous era, !»• 
tween 200 and 300 species of plants have been foaoL 
In these, say the authors of the << Fossil Flora V >* 
traces have been as yet discovered of the simplcit 
forms of flowerless vegetation, such as Fungi, Lichee 
Hepaticse, or Mosses; while, on the contrary, then 
appear in their room Ferns, Lycopodiacesey and np 
posed Equisetaces, the most perfectly organiid 
cryptogamic plants. In regard to the remains d\ 
monocotyledons of the same strata, they consist d ! 
palms and plants analogous to Dracaenas, Bananas, 
and the Arrow Root tribe, which are the most highlj 
developed tribes of that class. Among the dicotjk- 
dons of the same period coniferous trees were abund' 
ant, while the fossil Stigmaris, which accompaoT I 
them, belonged probably to the most perfectly (»• 
ganized plants of that class, being allied to the Cactec^ 
or Euphorbiacese. "But supposing," continue the 
same authors, " that it could be demonstrated, thtt 
neither Coniferae nor any other dicotyledonous plants 

* Fossil Flora of Great Britain, by John Lindley and WOliM 
Hutton, Esquires. London, 1832. Preface. 
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existed in the first geological age of land plants, still 
the theory of progressive development would be un- 
tenable ; because it would be necessary to show that 
monocotyledons are inferior in. dignity, or, to use a 
more intelligible expression, are less perfectly formed 
than dicotyledons. So far is this from being the case, 
tliat^if the exact equality of the two classes were not 
admitted, it would be a question whether monocotyle- 
dons are not the more highly organized of the two ; 
whether palms are not of greater dignity than oaks, 
and cerealia than nettles." 

Animal remains in the transitiany or greywaeki, and 
carboniferous strata, — By far the largest part of the 
organic remains found in the earth's crust consist of 
corals and testacea, the bones of vertebrated animals 
being comparatively rare. When these occur, they 
belong much more frequently to fish than to reptiles, 
and but seldom to terrestrial mammalia. This might, 
perhaps, have been anticipated as the general result of 
investigation, since all are now agreed that the greater 
number of fossiliferous strata were deposited beneath 
the sea, and that the ocean probably occupied in an- 
cient times, as now, the greater part of the earth's sur- 
face. We must not, however, too hastily infer from 
the absence of fossil bones of mammalia in the older 
rocks, that the highest class of vertebrated animals did 
not exist in the remoter ages. There are regions at 
present, in the Indian and Pacific oceans, co-extensive 
in area with the continents of Europe and North 
America, where we might dredge the bottom and draw 
up thousands of shells and corals, without obtaining one 
bone of a land quadruped. Suppose our mariners 
were to report, that on sounding in the Indian Ocean 
near some coral reefs, and at some distance from the 

l6 
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land, they drew up on hooks attached to their lie 
portions of a leopard, elephant, or tapir, should we Ml 
be sceptical as to the accuracy of their atatemcHi? 
and if we had no doubt of their veracity, might went 
inspect them to be unskilful naturalists? or, if iW 
fact were unquestioned, should we not be disposed M 
believe that some vessel had been wrecked ontht { 
spot? i 

The casualties must always be rare by which W 
quadrupeds are swept by rivers far out into the opo 
sea, and still rarer the contingency of such a flos^ I 
body not being devoured by sharks or other predscsM 
fish, such as were those of which we find the UA 
preserved in some of the carboniferous strata. Btti 
the carcass should escape, and should happen to wi 
where sediment was in the act of accumulating) sndl 
the numerous causes of subsequent disintegntioi 
should not efface all traces of the body, induded ill 
countless ages in solid rock, is it not contrary tod! 
calculation of chances that we should hit upon the 
exact spot — that mere point in the bed of an aDciai| 
ocean, where the precious relic was entombed? C»' 
we expect for a moment, when we have only sofr j 
ceeded, amidst several thousand fragments of codi 
and shells, in finding a few bones of aquatic or €ank' ■ 
bious animals, that we should meet with a siagk I 
skeleton of an inhabitant of the land ? 

Clarence, in his dream, saw, << in the slimy boUioB 
of the deep," 

a thousand fearful wrecks ; 
A thousand men, that fishes gnaw*d upon ; 
Wedges of gold, great anchors, heaps of pearL 

Had he also beheld, amid << the dead bones that iQ 
scattered by," the carcasses of lions, deer, and tke 
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Other wild tenants of the forest and the plain, the ficticm 
would have been deemed unworthy of the genius of 
Shakspeare. So daring a disregard of probability and 
violation of analogy would have been condemned as 
unpardonable, even where the poet was painting those 
incongruous images which present themselves to a dis- 
turbed imagination, during the visions of the night. 

But, as fossil mammiferous remains have been mel 
with in strata of the more modern periods, it will be 
desirable to take a rapid view of the contents of suc- 
cessive geological formations, and inquire how far they 
confirm or invalidate the opinions commonly enter- 
tained respecting the doctrine of successive develop- 
ment. 

In the first place it should be stated, that faint traces 
of animal remains make their appearance in strata of as 
early a date as any in which the impressions of plants 
have been detected. We are as yet but imperfectly 
acquainted with the fossils of tlie deposits called by 
Werner " transition," or those below the carboniferous 
series ; yet in some of these, as in the limestone of 
Ludlow, for example, scales and bones of fish have 
been found.* In these ancient rocks we cannot ex- 
pect to bring many vertebral remains to light until we 
have obtained more information respecting the zoo- 
phytes and testacea of the same period. The rarer 
species cannot be discovered until the more abundant 
have been found again and again ; and it may be 
doubted whether we shall ever succeed in acquiring 
so extensive a knowledge of the fossil bodies of strata 
anterior to the coal as to entitle us to attach much im- 
portance to the absence of birds and mammalia. In 

* Murchison, Proceediogsof GeoL Soc. No. S4. p. 13. 
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rocks of high antiquity many organic forms have bea 
obliterated by various causes, such as subterranean bei 
and the percolation of acidulous waters, which \mt 
operated during a long succession of ages. The numbff 
of organic forms which have disappeared from tk 
oldest strata may be conjectured fi^om the fact, tM 
their former existence is in many cases merely reveaM 
to us by the unequal weathering of an exposed face of 
rock, on which the petrifactions stand out in relie£ 

If we next consider the old red sandstone, we U 
that entire skeletons of fish have been discovered i 
it both in Scotland and in the West of England, tfl 
Wales, but no well-authenticated instance is reooidei 
of a fossil reptile from this formation.* Neither fane 
any reptilian remains been met with in the incumbOl 
carboniferous group, either in the mountain limestooii 
or in the shales and sandstones of- the coaL Tk 
supposed saurian teeth found by Dr. Hibbert in cr 
boniferous strata near Edinburgh, have been latch 
shewn by Dr. Agassiz to belong to sauroidal fisb, or ^ 
fish of the highest rank in structure, and approachiif 
more nearly in their osteological characters than anr 
others to true saurians. 

It would be premature to conclude that no bones d 
reptiles are to be found in the carboniferous fbrmati(4 i 
because it is only within a few years that several dii* I 

* Scales of a tortoise, nearly allied to Trionyx, are stated in Ai 
Geol. Trans, second series, vol. iii. part 1. p. 144., to have bea 
found abundantly in the bituminous schists of Caithness, in Scot* 
land, and in the same formation in the Orkneys. These schim 
have been shewn by Professor Sedgwick and Mr. Murchison to be 
of the age of the old red sandstone. But M. Agassiz has latdj 
decided that the scales in question are those of a fish (see fiiniitif 
them, plate 16., Geol. Trans., same part). 
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tinct species and genera of fish have been ascertained 
to abound in the same. TC should also be recollected, 
that if we infer from the fossil flora of the coal, and 
other circumstances before enumerated, that our lati- 
tudes were occupied at the remote period in question by 
an ocean interspersed with small islands, such islands 
may, like those of the modern Pacific, have been almost 
entirely destitute of mammalia and reptiles.* 

Id regard to birds, they are usually wanting in de- 
posits of all ages, even where fossil animals of the 
highest order occur in abundance. f 

There was evidently a long period, of which the 
formations from the magnesian limestone to the chalk 
inclusive may be said to contain the history, when 
reptiles of various kinds were largely developed on the 
earth : their remains are particularly numerous in the 
lias and oolitic strata. As there are now mammalia 
entirely confined to the land, others which, like the bat 
and vampyre, fly in the air ; others, again, of amphi- 
bious habits, which inhabit rivers, like the hippopo- 
tamus, otter, and beaver; others exclusively aquatic 
f snd marine, like the seal, whale, and narwal, so In 
f the early ages under consideration, there were ter- 
f restrial, winged, and aquatic reptiles. There were 
' iguanodons walking on the land, pterodactyles winging 
' their way through the air, monitors and crocodiles in 
' the rivers, and the ichthyosaur and plesiosaur in the 
ocean. It appears also that some of these ancient 
' aaurians approximated more nearly in their organi- 
zation to the type of living mammalia than do any of 
our existing reptiles. 

I shall not dwell here on a question, which will 
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snerwards be diicuBsed more fulljt how &t the aluwl 
entire suppression of one class of vertebrata and tbt 
development of another, as, for example, the pt(< 
dominance of reptiles over mammalia, or of these ow 
reptiiee, may be reconcileable with the notion of at 
slant and uniform laws governing the dtatributiwi rf 
animal life at particular perioda.* I sball now merdf 
call the reader's attention to a striking cxccptioett 
tlie general rule of the non -occurrence of ony sigu of 
warm -blooded (juadrupeds in secondary rocka. 

In the oolite of Stonesfield, a rock wliicb luit bed 
well ascertained to bold a somewhat inferior puition 
in the great oolitic series, the jaws of at least W 
species of small mammiferaus quadrupeda have ben 
found. A specimen of one of these, now in the OzfM 
Museum (see fig. 2.), was examined by M. Cum. 
and pronounced by him to be allied to the didelphk 
According to this naturalist, it was probably a suaB 
carnivorous animal not larger than a mole, yet differ- 
ing from all known camivora in having ten teeth In i 



k ^ 






■ Book iv. chap. ii[ii. 

t Tbi5figure(No,2.)i3 from ftdrttwingby Professor C. Plwol, 
publiahedAnn.desSci. Nat,, Avril, 1825. The fossil is a Iowa jM, 



OtULl PBOORESSIVB DEVELOPUENT. 293 

Another specimen now in London, in the collection 

at Mr, Bcoderip, consists also of a lower jaw, and 
belonged certainly to a cjuadiuped of a distinct speciea, 
or even genus (see fig. 3.) for the number of teetlk 
ia different, and agrees precisely with tbat of the 
living didetf^. 

X Ftgi a. 




Lawerjaa o/ Diddphit BncilavU, from StantfiJd.* 

t. The jaw nuignified twice in lengtb. 

9. Tbe second molar tooth magnified six limea. 



adhering by its inner side to the slab of oolite, in which it is sunk. 
The fbnn of the eondjie, or poMvrior procen oF the jaw, is di>- 
tlitMlj Ken, an impreuian of il being left on the stoiei sltboiigh 
the bone is wanting. The anterior part of the jaw has been par- 
tially broken away, so that the Tangs of six molar teeih arc seen 
fixed in tlieir sockets, tbe form of tbe fangs being characieristic 
of the mammalia. The enamel of some of the teeth is well pr». 



■ Tfaia figure (N& 3.) is taken from the oiginal, ia Mr. 
Broderip'* colkctioo. It eomaaot the rigbt half ofa lover jaw, 
gf which tbe inser sde is seen. The jaw coalanu seven nmlai 
teeth, one canine, and Ifarea incisors, boL the end of the jaw is ftae- 
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The occurrence of these individuals, the mostandeot 
memorials yet known of the mamniiferous type, so lot 
down in the oolitic series, while no other repreflofc- 
atives of the same class have yet been found in tk 
superior secondary strata, either in the Middle or 
Upper Oolite, or in theWealden, Green Sand, orChA * 
is a striking fact, and should serve as a warning to « [ 
against hasty generalizations. So important an excep- 
tion to a general rule may be perfectly consistent wift 
the conclusion, that a small number only of mammab 
inhabited Europe^an latitudes when our secondary rodi 
were formed ; but it seems fatal to the theory of {i» 
gressive development, or the notion that the order rf 
precedence in the creation of animals, consideiri 
chronologically, coincided with the order in wbU 
they would be ranked according to perfection or ooo- 
plexity of structure. 

Of the Tertiary strata, — The tertiary strata, as il 
appear from what has been already stated, were de-' 
posited when the physical geography of the nortbesi 
hemisphere had been entirely altered. Large inland I 
lakes had become numerous, as in Central France an^ ^ 
many other countries. There were gulfs of the sei i 
into which considerable rivers emptied themselre^ 
where strata were formed like those of the Paris basil | 
There were then also littoral formations in progreSi I 



tured, and traces of the alveolus of a fourth incisor are W 
With this addition, the number of teeth would agree exactly *i^ 
those of a lower jaw of a didelphis. The fossil is ^irell preatnd 
in a slab of oolitic structure containi ng shells of Trigonic tf^ 
other marine remains. Two other jaws, besides those abott 
represented, have been procured from the quarries of l^nesfi^ 
— See Broderip, Zool. Joum. voL iii. p. 408. 
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such as are indicated by the English Crag^ and the 
Faluns of the Loire. The state of preservation of the 
organic remains of this period is very different from that 
of fossils in the older rocks, the colours of the shells^ 
and even the cartilaginous ligaments uniting the valves, 
being in some cases retained. More than 1100 species 
of testaceahave been found in the beds of the Paris basin, 
and nearly an equal number in the more modern form- 
ations of the Subapennine hills ; and it is a most curious 
fact in natural history, that the zoologist has already 
acquired more extensive information concerning the 
testacea which inhabited the ancient seas of northern 
latitudes at those remote epochs than of the species 
now living in the same parallels in Europe. 

Paris basin. — The strata of the Paris basin are 
partly of freshwater origin, and filled with the spoils 
of the land. They have afforded a great number of 
skeletons of land quadrupeds, but these relics are con- 
fined almost entirely to one small member of the group, 
and their conservation may be considered as having 
arisen from some local and accidental combination 
of circumstances.* On the other hand, the scarcity 
of terrestrial mammalia in submarine sediment is eluci- 
dated, in a striking manner, by the extremely small 
number of such remains hitherto procured from the 
calcaire grossier, one of the formations of the Parisian 
series, f 

London clay — Plastic clay, — The inferior member 
of our oldest tertiary formation in England, usually 
termed the plastic clay, has hitherto proved as destitute 
of mammiferous remains as our ancient coal strata ; 
and this point of resemblance between these deposits 

* Book iv. ch. xviii. f Ibid. 
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is the more worthy of obserration, because the lignite 
io the one case, aud. the coal in the other,, are excl» 
siTely composed of terrestrial plants. From- the L» 
don clay we have procured three or four hqaM 
species of testacea, but the only bones of vertebme^ 
animals are those of reptiles and fish. On cromparii^ 
therefore, the contents of these marine strata wi& 
those of our oolitic series, we- find the supposed orlv 
of precedence inverted. In the more ancient systa 
of rocks, a few mammalia have been recognin 
whereas in the newer, if negative evidence wevs 
be our criterion. Nature has made a retmgradea.i 
stead of an advancing m<Mement» md no- animals 
exalted in the scate of oi^anizatiosk than reptiles 
dtscorerable. It should, however, )»e stalled^ tbl^ i 
a freshwater formatioai, resting i«pon the- London 
in the Isle of Wight, and like itt belonging to the 
epoch, some raamraiferous: remains have- recent^ 
found, 

Swbapennine beds, — Although the Subapennine s 
have been examined by collectors for three hundr 
years, and have yielded more than a thousand species^ 
testacea, the authenticated examples of imbedded tt\ 
mains of terrestrial mammalia are extremely scantj; 
and several of those which have been cited by earlifll 
writers as belonging to the elephant or rhinoceros 
have since been declared, by competent anatomists* ti 
be the bones of whales and other cetacea. In about five 
or ten instances, perhaps, bones of the mastodoQ, rht* 
noceros, and some other land animals, have bed 
observed in this formation with marine shells attacheit 



* Buckland and Allan, Jameson's Ed. PbiL Journ., No. S7> ! 
p. 190. Pratt, Proceedings of Geol. Soc, No. 18. 1831. 
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These ttivtBt h'd^e ^been washed auto the bed of the 
ancieftat sea "when the strata wei^e forming, 4md thejr 
6etve to Bttedt the contiguity of land inhabited by large 
herbivora, which I'enders the rarity of such exceptions 
^ore worthy of attention. On the 'contrary, the num- 
•ber of skeletons df ^ejeiis^ing ^minoalsiin the upper Val 
d'Arno, which have been usually 'Considered to foe 
"ipeferrible to th« "same age as the Subapennine beds, 
occur in a deposit which was formed entirely in an 
inland lake, surrounded by lofty tnouiitains.* 

Not a single ^bone ^of any quadrumanous animal haB 
e^r yet been discovered in a fossil state ; and then: 
Ikbsenoe has ' appeared, to some geologists, > to counte- 
nance the idea that the type of organization most 
^nearly resembling the human came last (in ^tbe order 
iof 'Creation, ^and was scarcely perhaps anterior to that 
^^f man. 'Btft the evidence '^n this point is 4|uite iii- 
"^eoncltti^lve -, fbr, fii^, we know nothing a£ the details 
•dfthe turious cliasses ofthe animal kingdom which va&f 
httVe'ttlhabited the^land when'the secondary strata 'Were 
-^tfCCumul^Eited; attd in regard to «ome of the mote 
modern tertiary f periods, the climate ^ofiEuropedovs 
^HM appear ^10 haveifoeen of ^ucha tropical character 
Ws^ttmy ha/ve been 'necessary >for the development idf 
'l^etribe 6f apesj'monkeys, Hand alliedigenera. Besictos, 
dt'^ost not be forgotten, that ^almost all the animals 
^hi)^ eecdrin siibaqueous deposits are suchasfVe- 
^ttctlt mm^hes, -ri^emB, or the bonders of Idkes, 4U the 
'^hboeeros, ""t^pyr, hippopotamys, ok, ^deidr, 'pig, 4aifd 
'^^ei«. 'Specks 'lehi^h ^ive -in trees ^ate iextrennwljr 
rare in a fossil state; and we hwre no data^wyet^r 
' determining -how great a^ number of the one -Icind we 

* See Book i?. ch. xvi. 
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ought to find, before we have a right to expect a angi^ 
individual of the other. Even therefore, if we wa 
led to infer, from the presence of crocodiles ni 
turtles in the London clay, and from the cocoa-ml 
and spices found in the Isle of Sheppey, that at tk 
period when our older or Eocene tertiary strata 
formed, the climate was hot enough for the 
drumanous tribe, we nevertheless could not 
to discover any of their skeletons until we had 
considerable progress in ascertaining what w< 
the contemporary Pachydermata ; and a very 
number of these have, as was before remarked, 
hitherto discovered in any strata of this epod 
England. 

The result then, of our inquiry into the evidenoei 
the successive development of the animal and ti 
table kingdoms, may be stated in a few words, 
regard to plants, if we neglect the obscure 
ambiguous impressions found in some of the oli 
fossiliferous rocks, which can lead to no safe 
elusions, we may consider those which chara 
the great carboniferous group as the first deserving 
ticular attention. They are by no means confined to 
simplest forms of vegetation, as to cry ptogamic pJani 
but, on the contrary, belong to all the leading divisioi 
of the vegetable kingdom ; some of the more 
developed forms, both of dicotyledons and mom 
ledons having already been discovered, even ami 
the first three or four hundred species brought 
light : it is therefore superfluous to pursue this part 
the argument farther. i 

If we then examine the animal remains of the oldest 
formations, we find bones and skeletons of flsh i| 
the old red sandstones, and even in some transiti(0 
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limestones below it ; in other words, we have already 
vertebrated animals in the most ancient strata respect- 
ing the fossils of which we can be said to possess any 
accurate information. 

In regard to birds and quadrupeds, their remains are 
almost entirely wanting in marine deposits of every 
era, even where interposed freshwater strata contain 
those fossils in abundance, as in the Paris basin. The 
secondary strata of Europe are for the most part 
marine, and there is as yet only one instance of the 
occurrence of mammiferous fossils in them, four or five 
in^iduals having been found in the slate of Stones- 
field, a rock unquestionably of the oolitic period, and 
which appears, from several other circumstances^ to 
have been formed near the point where some river 
entered the sea. 

When we examine the tertiary groups, we find in the 
Eocene or oldest strata of that class the remains of a 
great assemblage of the highest or mammiferous class, 
all of extinct species, and in the Miocene beds, or those 
of a. newer tertiary epoch, other forms, for the most 
part of lost species, and almost entirely distinct from 
the Eocene tribes. Another change is again perceived, 
when we investigate t!he fossils of later or of the Plio- 
cene periods. But in this succession of quadrupeds, 
we cannot detect any signs of a progressive develop- 
ment of organization, — any indication that the Eocene 
fauna was less perfect than the Miocene, or the Mio- 
cene, than what will be designated in the fourth book 
the Newer Pliocene. 

Recent origin of man, — If then the popular theory 
of the successive development of the animal and vege- 
table world, from the simplest to the most perfect 
forms, rests on a very insecure foundation ; it. may be 
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asked^ whether the recent origin of jnan lends any n^ 
port to the same doctrine, or how far the inflneiiceif 
man may be considered as such a deviation iroiB tk 
analogy of the order of things previously estaUiM : 
as to weaken our confidence in the unifonntty oftk; 
course of nature. 



I need not dwell on the proofs of the low nntvfib 
of our species, for it is not controverted by anjexft 
rienced geologist ; indeed, the real difficulty consutii 
tracing back the signs of man's existence on the oA 
to that comparatively modem period when speds 
now his contemporaries, began to predominair' f 
there be a difference of opinion respecting the 
rence in certain deposits of the remains of man audi, 
works, it is always in reference to strata confesseJj'i 
the most modern order ; and it is never pretendedtbi 
our race co-existed with assemblages of animab 
plants, of which all or even a great part qf die 
are extinct. From the concurrent testimony of 
and tradition, we learn that parts of Europe, noirlk. 
most fertile and most completely subjected to tkl 
dominion of man, were, less than three thousand jefl 
ago, covered with forests, and the abode of wild bei0 
The archives of nature are in perfect accordance wii 
historical records ; and when we lay open the moC i 
superficial covering of peat, we sometimes finddKKi 
the canoes of the savage, together with huge antko 
of the wild stag, or horns of the wild bull. In trei 
now open to the day in various parts of Europe, Af 
bones of large beasts of prey occur in abundance ; vi^ > 
they indicate that, at periods comparatively modenia 
the history of the globe, the ascendancy of man, ifi« 
existed at all, had scarcely been felt by the bnite^ 

* Respecting the probable antiquity assignable to certain 
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No inhabitant of the land exposes himself to bd 
many dangers on the waters as man, whether in a 
savage or a civilized state ■ ; and there is no animal, 
therefore, whose skeleton is so liahle to become im- 
bedded in lacustrine or submarine deposits : nor c^i 
it be said that his remains are more perishable than 
those of other animals ; for in ancient fields of battle, 
asCuvier has observed, the hones of men have suffered 
as little decomposition as those of horses which were 
buried in the same grave.f But even if the more 
solid parts of our species had disappeared, the impres- 
sion of their form would have remained engraven on 
the rocks, as have the traces of the tenderest leaves of 
plants, and the sof\ intt.'guments of many animals. 
Works of art, moreover. ,^«o^sed of the most inde- 
structible materials, would have outlasted almost all 
the organic contents of sedimentary rocks. Edifices, 
and even entire cities, have, within the times of history, 
been buried under volcanic ejections, submerged be- 
neath the sea, or engulphed hy earthquakes ; and had 
these catastrophes been repeated throughout an inde- 
finite lapse of ages, the high antiquity of man would 
have been inscribed in far more legible characters on 
the framework of the globe than are the forms of the 
ancient vegetation which once covered the islands of 
the northern ocean, or of those gigantic reptiles whidi 
at still later periods peopled the seas and rivers of the 
northern hemisphere.^: 

Dr. Prichard has argued that the human race have 
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not alwa3rs existed on the surface of the eartb,bec« 
" the strata of which our continents are con^ 
were once a part of the ocean's bed" — « mankindU 
a beginning, since we can look back to theperU 
when the surface on which they lived began toent^ 
This proof, however, is insufficient, for many tfaooadi 
of human beings now dwell in various quarters ef ik 
globe where marine species lived within the tmal 
history, and, on the other hand, the sea now piviii 
permanently over large districts once inhabited If 
thousands of human beings. Nor can this in 
of sea and land ever cease while the present 
are in existence. It is conceivable, dierefen^ 
terrestrial species might be older than the 
which they inhabit, amd a^[uatic 8})ecies of higher 
quity than the lakes and seas which they pemde: 
Doctrine of successive development not eoi^imd 

the admission that man is of modem origin, It iif: 

other grounds that we are entitled to infer that 

is, comparatively speaking, of modern origin; # 

if this be assumed, we may then ask whether \m* 

troduction can be considered as one step in a proper 

sive system, by which, as some suppose, the flip* 

world advanced slowly from a more simple to a di^ 

perfect state ? In reply to this question, it shoddirt 

be observed, that the superiority of man depends lOtf 

those faculties and attributes which he shares in €(t 

men with the inferior animals, but on his reasoi) tf 

which he is distinguished from them. When itistfi 

that the human race is of far higher dignity than ff^ ^ 

any pre-existing beings on the earth, it is the inte* 

lectual and moral attributes only of our race not ^ 

* Phys. Hist, of Mankind, voL ii« p. 594. 
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animal, which are considered ; and it is by no means 
clear, that the organization of man is such as would 
confer a decided pre-eminence upon him, if, in place 
of his reasoning powers, he was merely provided 
with such instincts as are possessed by the lower 
animals. 

If this be admitted, it would by no means follow, 
even if there had been sufficient geological evidence 
in favour of the theory of progressive development, 
that the creation of man was the last link in the same 
chain. For the sudden passage from an irrational to a 
rational animal is a phenomenon of a distinct kind from 
the passage from the more simple to the more perfect 
forms of animal organization and instinct. To pretend 
that such a step, 0FHPa|her leap, can be part of a 
regular series of changes in the animal world, is to 
strain analogy beyond all reasonable bounds. 

IfUrodttction of man, to what extent a change in the 
system. — But setting aside the question of progressive 
development, another and a far more difficult one 
may arise out of the admission that man is compara- 
tively of modern origin. Is not the interference of 
the human species, it may be asked, such a deviation 
from the antecedent course of physical events, that the 
knowledge of such a fact tends to destroy all our con- 
fidence in the uniformity of the order of nature, both 
in regard to time past and future ? If such an innova- 
tion could take place afler the earth had been exclu- 
sively inhabited for thousands of ages by inferior 
animals, why should not other changes as extra- 
ordinary and unprecedented happen from, time to 
time ? If one new cause was permitted to supervene, 
differing in kind and energy from any before in oper- 
atipn, why may Apt others have come into action at 

M 2 
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different epochs ? Or what security have we ^ 
they may not arise hereafter ? And if such be the c« 
how can the experience of one period, eren tboi^ 
we are acquainted with all the possible effects of tk 
then existing causes, be a standard to whidi wees 
refer all natural phenomena of other periods ? 

Now these objections would be unanswenbiei if I 
adduced against one who was contending forthedb»[ 
lute uniformity throughout all time of the snc 
of sublunary events — if, for example, he was dispotfj 
to indulge in the philosophical reveries of some £^ 
tian and Greek sects, who represented all the dmfl 
both of the moral and material world as repeildii 
distant intervals, so as to follow each other in thij 
former connexion of place and time. For thej tm 
pared the course of events on our globe to 
nomical cycles ; and not only did they consider 
sublunary afiairs to be under the influence of the 
tial bodies, but they taught that on the earth, as ^ 
as in the heavens, the same identical phenomena t| 
curred again and again in a perpetual vicissitude. 'M 
same individual men were doomed to be re-boni}»^| 
to perform the same actions as before ; the samei*] 
were to be invented, and the same cities built and^l 
stroyed. The Argonautic expedition was destined tt] 
sail again with the same heroes, and Achilles withbl 
Myrmidons to renew the combat before the wifc' 
of Troy. 

Alter erit turn Tiphys, et altera quae Tehat Argo 

Pilectos heroas : erunt etiam altera bella, 

Atque iterum ad Trojam magnus mittetur Achilles.* 



* Virgil, Eclog. iv. For an account of these doctrioOi *> 
Dugaid Stewart's Elements of the Philosophy of the 
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The geologist, however, may condemn these tenets 
as absurd, without running into the opposite extreme, 
and denying that the order of nature has, from the 
earliest periods, been uniform in the same sense in 
which we believe it to be uniforni at present, and 
expect it to remain so in future. We have no reason 
to suppose, that when man first became master of a 
small part of the globe, a greater change took place in 
its physical condition than is now experienced when 
districts, never before inhabited, become successively 
occupied by new settlers. When a powerful European 
colony lands on the shores of Australia, and introduces 
at once those arts which it has required many cen- 
turies to mature; when it imports a multitude of plants 
and large animals from th& opposite extremity of tha I 
earth, and begins rapidly to extirpate many of the in-, 
digenous species, a mightier revolution is effected in a, I 
brief period than the first entrance of a savage hord^ [ 
or their continued occupation of the country for many | 
centuries, can possibly be imagined to have produced. I 
If there be no impropriety in assuming that the system I 
is uniform when disturbances so unprecedented qc< 
in certain localities, we can with much greater c 
fidence apply the same language to those primeval 
ages when the aggregate number and power of the 
human race, or the rate of their advancement in civil' 
izattoD, must be supposed to have been far inferior. 
In reasoning on the state of the globe immediately 
before our species was called into existence, we must 
be guided by the same rules of induction as when we 
speculate on the state of America in the interval that 
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elapsed between the introduction of man into Ana^tiK 
supposed cradle of our race, and the arrival of the lint 
adventurers on the shores of the New World. In tint 
interval, we imagine the state of things to have g« 
on according to the order now observed in regions m- j/ 
occupied by man. Even now, the waters of laka^ I 
seas, and the great ocean, which teem with life, mj I 
be said to have no immediate relation to the htun I 
race — to be portions of the terrestrial system ofwfaki 
man has never taken, nor ever can take, possesski; 
so that the greater part of the inhabited surface of th 
planet may remain still as insensible to our prefleace 
as before any isle or continent was appointed to k 
our residence. 

If the barren soil around Sydney had at once becoM 
fertile upon the landing of our first settlers ; % fib 
the happy isles whereof the poets have given us 
glowing descriptions, those sandy tracts had begun ult 
yield spontaneously an annual supply of grain, wf. 
might then, indeed, have fancied alterations still moit 
remarkable in the economy of nature to have attended 
the first coming of our species into the planet. Or 1 
when a volcanic island like Ischia was, for the first 
time, brought under cultivation by the enterprise ami 
industry of a Greek colony, the internal fire h«l 
become dormant, and the earthquake had remitted 
its destructive violence, there would then have been 
some ground for speculating on the debilitation of the 
subterranean forces, when the earth was first placed 
under the dominion of man. But after a long inteiral 
of rest, the volcano bursts forth again with renewed 
energy, annihilates one half of the inhabitants, and 
compels the remainder to emigrate. The course rf 
nature remains evidently unchanged; and, in like 
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I manner, we may Biippose the general condition of the 
L globe, immediately before and after the period when 
I our Bpecieg first began to exist, to have been the samei 
>nly of man's presence. 
I in the syetem of which man ia 
, perhaps, constitute sO great a 
IS analogy as we usually imagine; 
, form an exaggerated estimate 
e of the 



I with the exceptio 

The modifications i 
the instrument, do not 
deviation from previo 
we often, for example, 
of the extent of our power in extirpatin 
inferior animals, and causing others to multiply ; a 
power which is circumscribed within certain limits, 
and which, in all likelihood, is by no means exclu- 
sively exerted by our species.* The growth of human. 
population cannot take place without diminishing the 
numbers, or causing the entire destruction, of many 
animals. The larger carnivorous species give way 
before us, but other quadrupeds of smaller size, and 
innumerable birds, insects, and plants, which are ini- 
mical to our interests, increatie in spite of us, some 
attacking our food, Others our raiment and persons, 
and others interfering with our agricultural and horti- 
cultural labours. We behold the rich harvest which 
we have raised with the sweat of our brow devoured 
by myriads of insects, and are oflen as incapable of 
arresting their depredations, as of staying the shock 
of an earthquake, or the course of a stream of lava. 

A great philosopher has observed, that we can com- 
mand nature only by obeying her laws; and this prin- 
ciple is true even in regard to the astonishing changes 
which are superinduced in the qualities of certain 
tmunale and plants by domestication and garden cul- 
ture. I shall point out in the third book that we can 



248 UNUORMITT OF THE ST8TEIL [Ukl 

only effect such surprising alterations by assisting die 
development of certain instincts, or by availing oai' I 
selves of that mysterious law of their organization, lij 
which individual peculiarities are transmissible frn 
one generation to another.* 

It is probable from these, and many other comider- 
ations, that as we enlarge our knowledge of the tp^ 
tern, we shall become more and more convinced, dot 
the alterations caused by the interference of nii 
deviate far less from the analogy of those eSectedhj 
other animals than is usually supposed.-f- We are oAa 
misled, when we institute such comparisons, bj off 
knowledge of the wide distinction between the iiisfiDdi P 
of animals and the reasoning power of man ; andfcj 
are apt hastily to infer, that the efiects of a ratioiil 
and an irrational species, consideredmerely as pl^^l 
ageniSy will differ almost as much as the ftcultiesm 
which their actions are directed. |' 

It is not, however, intended that a real departoR 
from the antecedent course of physical events canDOt 
be traced in the introduction of man. If that latitude (K 
action which enables the brutes to accommodate tbea- 
selves in some measure to accidental circumstanceii 
could be imagined to have been at any former period 
so great, that the operations of instinct were as mudi 
diversified as are those of human reason, it might, 
perhaps, be contended, that the agency of man did not 
constitute an anomalous deviation from the previously 
established order of things. It might then have been 
said, that the earth's becoming at a particular period 
the residence of human beings, was an era in the 



* See Book iii. ch. iii. ^ 

f Id. chapters v. vi. vii. and ix. 
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moral, not in the physical world — that our study and 
coDtemplation of the earth, and the laws which govern 
its animate productions, ought no more to be con- 
sidered in the light of a disturbance or deviation from 
the system, than the discovery of the satellites of 
Jupiter should be regarded as a physical event affect- 
ing those heavenly bodies. Their influence in ad- 
vancing the progress of science among men, and in 
aiding navigation and commerce, was accompanied by 
no reciprocal action of the human mind upon the 
economy of nature in those distant planets ; and so 
the earth might be conceived to have become, at a 
certain period, a place of moral discipline, and intel- 
lectual improvement to man, without the slightest 
derangement of a previously existing order of change 
in its animate and inanimate productions. 

The distinctness, however, of the human from alt 
other species, considered merely as an efficient cause 
in the physical world, is real; for we stand in a relation 
to contemporary species of animals and plants widely 
different from that which other irrational animals can 
ever be supposed to have held to each other. We 
modify their instincts, relative numbers, and geo- 
graphical distribution, in a manner superior in degree, 
and in some respects very different in kind, from that 
in which any other species can affect the rest. Be- 
sides, the progressive movement of each successive 
generation of men causes the human species to differ 
more from itself in power at two distant periods, than 
any one species of the higher order of animals differs 
from another. The establishment, therefore, by geo- 
logical evidence, of the first intervention of such a 
peculiar and imprecedented agencyj long after other 
m5 
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parts of the animate and inanimate world existed, 
affords ground for concluding that the experience 
during thousands of ages of all the events which naj 
happen on this globe would not enable a philosopher 
to speculate with confidence concerning fiiture con- 
tingencies. 

If then an intelligent being, after observing die 
order of events for an indefinite series of ages, hd 
witnessed at last so wonderful an innovation as dm, 
to what extent would his belief in the regularity of tlie 
system be weakened? — would he cease to assume 
that there was permanency in the laws of nature?- 
would he no longer be guided in his speculations bf 
the strictest rules of induction ? To these questions i 
may be answered, that, had he previously presumed to 
dogmatize respecting the absolute uniformity of die. 
order of nature, he would undoubtedly be checked I 
by witnessing this new and unexpected event, and I 
would form a more just estimate of the limited range 1 
of his own knowledge, and the unbounded extent rf 
the scheme of the universe. But he would soon per- 
ceive that no one of the fixed and constant laws of the 
animate or inanimate world was subverted by human 
agency, and that the modifications produced were od 
the occurrence of new and extraordinary circumstances, > 
and those not of a physical but a moral nature. The ' 
deviation permitted would also appear to be as slight \ 
as was consistent with the accomplishment of the new * 
moral ends proposed, and to be in a great degree 
temporary in its nature, so that, whenever the power 
of the new agent was withheld, even for a brief period, 
a relapse would take place to the ancient state of 
things ; the domesticated animal, for example, re- 
covering in a few generations its wild instinct, and tbe 
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garden-flower and fruit-tree reverting to the likeness 
of the parent stock. 

Now, if it would be reasonable to draw euch infer- 
ences with respect to tbe future, we cannot but apply 
the same rules of induction to the past. We have no 
right to aoticipate any modifications in the results of 
existing causes in time to come, which are not con- 
formable to analogy, unless they be produced by the 
progressive development of human power, or perhaps 
by some other new relations which may hereafter 
spring up between the moral and material worlds. In 
the same manner, when we speculate on the vicissitudes 
of the animate and inanimate creation in former ages, 
we ought not to look for any anomalous results, unless 
where man has interfered, or unless clear indications 
appear of some other moral source of temporary 
derangement. 

For the discussion of other popular objections ad- 
vanced against the doctrine of the identity of the 
ancient and modem causes of change, especially those 
founded on the supposed suddenness of general catas- 
trophes, and the transition from one set of organic 
remains to another, I must refer to the 4th Book. In 
the mean time, when difficulties arise in interpreting 
the monuments of the past, I deem it more consistent 
with philosophical caution to refer them to our present 
ignorance of all the existing agents, or all their pos- 
sible effects in an indefinite lapse of time, than to causes 
formerly in operation, but which have ceased to act; 
and if in any part of the globe the energy of a cause 
appears to have decreased, I consider it more probable 
that the diminution of intensity in its action is mereiv 
local, than that its force is impaired throughoi' 
tbe. But should there appear r> 
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lieve that certain agents have, at particular periods rf 
past time, been more potent instruments of change 
over the entire 8urfiGu:e of the earth than thej nor 
are, it is still more consistent with analogy to presuBV^ 
that after an interval of quiescence they will reoom 
their pristine vigour, than to imagine that they m 
worn out. 

The geologist who assents to the truth of die* 
principles will deem it incumbent on him to exaraise 
with minute attention all the changes now in progfoi 
on the earth, and will regard every fact collectei 
respecting the causes in diurnal action, as afibrdiig 
him a key to the interpretation of some mjrtteiyii 
the archives of remote ages. His estimate of die 
value of geological evidence, and his interest in tk 
investigation of the earth's history, will depend e^ 
tirely on the degree of confidence which he feek in 
regard to the permanency of the great causes rf 
change. Their constancy alone will enable him to 
reason from analogy, and to arrive, by a comparison 
of the state of things at distinct epochs, at the know- 
ledge of the general laws which govern the economj 
of our system. 

The uniformity of the plan being once assumed, 
events which have occurred at the most distant periods 
in the animate and inanimate world will be acknow- 
ledged to throw light on each other, and the deficiency 
of our information respecting some of the most obscure 
parts of the present creation will be removed. For as, 
by studying the external configuration of the existing 
land and its inhabitants, we may restore in imagination 
the appearance of the ancient continents which have 
passed away, so may we obtain from the deposits of 
ancient seas and lakes an insight into the nature of the 
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subaqueous processes non' in operation, and of many 
forms of organic life, which, though now existing, 
are veiled from sight. Rocks, also, produced by sub- 
terrajiean fire in former ages at great depths in the 
bowels of the earth, present us, when upraised by 
gradual movements, and exposed to the light of heaven, 
with an image of those changes which the deep-seated 
volcano maynowoccasioo in the nether regions. Thus, 
although we are mere sojourners on the surface of the 
planet, chained to a mere point in space, enduring but 
for a moment of time, the human mind is not only 
enabled to number worlds beyond the unassisted ken 
of mortal eye, but to trace the events of indefinite 
ages before the creation of our race, and is not even 
withheld from penetrating into the dark secrets of 
the ocean, or the interior of the solid globe ; free, like 
the spirit which the poet described as animating the 



Temuqui^, tractusque maria, cuclumqUE prafliadum. 
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CHANGES OF THE IXOBOAMIO WORU>. 



Aqueous Causes. 

CHAPTER I. 

Division of the subject into changes of the organic and inmrpm \ 
world — Inorganic causes of change divided into aqucooiai i\ 
igneous — Aqueous causes first considered — DestvojiBg ai 
transporting power of running water — Sinuosities of riven- 
Two streams when united do not occupy a bed of double at 
face (p. 261.) — Heavy matter removed by torrents and flooA 
— Recent inundations in Scotland — Effects of glacien ni 
icebergs in removing stones — Erosion of chasms through W 
rocks (p. 268.) — Excavations in the lavas of £tna by SidKtt 
rivers — Gorge of the Simeto — Gradual recession of the cati- 
racts of Niagara. 

Division of tJie subject — Geology was defined to be 
the science which investigates the former changes 
that have taken place in the organic, as well as in the 
inorganic kingdoms of nature ; and we may next pro- 
ceed to inquire what changes are now in progress 
in both these departments. Vicissitudes in the in- 
organic world are most apparent; and as on them all 
fluctuations in the animate creation must in a great | 
measure depend, they may claim our first consideration. 
The great agents of change in the inorganic worid 
may be divided into two principal classes, the aqueous 
and the igneous. To the aqueous belong RiTei% 
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Torrents, Springs, Currents, and Tides ; to the igneous, 
Vokanos and Earthquakes, Both these classes are 
instruments of decay as well as of reproduction ; but 
they may also be regarded as antagonist forces. For 
the aqueous agents are incessantly labouring to reduce 
the inequalities of the earth's surface to a level ; while 
the igneous are equally active in restoring the uneven- 
ness of the external crust, partly by heaping up n 
matter in certain localities, and partly by depressing ' 
one portion, and forcing out another, of the carth'tl j 
envelope. 

It is difficult, in a scientific arrangement, to give an 
accurate view of the combined effects of so many 
forces in simultaneous operation ; because, when we 
consider them separately, we cannot easily estimate 
either the extent of their efficacy, or the kind of 
results which they produce. We are in danger, there- 
fore, when we attempt to examine the influence ex- 
erted singly by each, of overlooking the modifications 
which they produce on one another ; and these are so 
complicated, that sometimes the igneous and aqueous 
forces cn-operate to produce a joint effect, to which 
neither of them unaided by the other could give rise, 
— as when repeated earthquakes unite with running 
water to widen a valley; or when a thermal spring 
irises up from a great depth, and conveys the mineral 
ingredients with which it is impregnated from the 
interior of the earth to the surfece. Sometimes the 
organic combine with the inorganic causes ; as when a 
Teef, composed of shells and corals, protects one line 
of coast from the destroying power of tides or currents, 
and turns them against some other point ; or when 
Jrift timber, flowed into a lake, fills a hoHow to which 
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the stream would not have had sufficient vdodtfli 
convey earthy sediment. 

It is necessary, however, to divide our observitai 
on these various causes, and to classify them sjit» 
atically, endeavouring as much as possible to keepi 
view that the effects in nature are mixed, andii 
simple, as they may appear in an artificial arrangenot 

In treating, in the first place, of the aqueous ctos 
we may consider them under two divisions: first, tk«| 
which are connected with the circulation of water fm\ 
the land to the sea, under which are included iHi| 
phenomena of rivers and springs ; secondly, those 
arise from the movements of water in lakes, seu 
ocean, wherein are comprised the phenomena of 
and currents. In turning our attention to the 
division, we find that the effects of rivers may be 
divided into those of a destroying and those of i 
novating nature; in the destroying are included 
erosion of rocks, and the transportation of matter t 
lower levels ; in the renovating class, the formatiaii 
deltas by the influx of sediment, and the shallowiif < 
seas. 

Action of running water, — I shall begin, then, I? 
describing the destroying and transporting power ^ 
running water, as exhibited by torrents and riven * 
is well known that the lands elevated above die«i 
attract, in proportion to their volume and densitfTi 
larger quantity of that aqueous vapour which tk 
heated atmosphere continually absorbs from the f^ 
face of lakes and the ocean. By these means, tk 
higher regions become perpetual reservmrs of wit0>- 
which descend and irrigate the lower valleys n^ 
plains. In consequence of this provision, almost i 



the water is first carried to the highest regions, and is 
then raa.de to descend by steep declivities towards the 
sea; bo that it acijuires superior velocity, and rcmoveB 
a greater quantity of soil, than it would do if the rain 
bad been distributed over the plains and mountains 
equally in proportion to their relative areas. Almost 
all the water is also made by these means to pass 
over the greatest distances which each region affords, 
before it can regain the sea. The rocks also, in the 
higher regions, are particularly exposed to atmo- 
spheric influences, to frost, rain, and vapour, and to 
great annual alternations of cold and heat, of moisture 
and desiccation. 

Its destroying and transporting power. — Among the 
most powerful agents of decay may be mentioned that 
property of water which causes it to expand during 
congelation ; so that, when it has penetrated into the 
crevices of the most solid rocks, it rends them open 
on freezing with mechanical force. For this reason, 
although in cold climates the comparative quantity of 
rain which falls is very inferior, and although it de- 
scends more gradually than in tropical regions, yet the 
Beverity of frost, and the greater inequalities of temper- 
ature, compensate in some degree for this diminished 
source of degradation. The solvent power of water 
also is very great, and acts particularly on the cal- 
careous and alkaline elements of stone, especially when 
it holds carbonic acid in solution, which is abundantly 
supplied to almost every large river by springs, and 
IB collected by rain from the atmosphere. The oxy- 
gen of the atmosphere is also gradually absorbed by all 
animal and vegetable productions, and by almost all 
mineral masses exposed to the open air. It gradually 
destroys the equilibrium of the elements of rocks, and 



foreign ingredients being thrown against a i 
cavates it by mechanical force, sapping an< 

I mining till the superincumbent portion is i 

I i precipitated into the stream. The obstructic 

a temporary increase of the water, which the: 
down the barrier. 

Sinuosities of Rivers, — By a repetition of th 
slipS) the ravine is widened into a small, nam 

I in which sinuosities are caused by the deflexi 

[ stream first to one side and then to the othi 

unequal hardness of the materials through n 
channel is eroded, tends partly to give new d 
to the lateral force of excavation. When by 
by accidental shillings of the alluvial matte 
channel, and numerous other causes, the c 

[ made to cross its general line of descent, it e 

curve in the opposite bank, or in the side of 
bounding the valley, from which curve it i 
back again at an equal angle, so that it recn 
line of descent, and gradually hollows out anotl 
lower down in the opposite bank, till the wh 
of the valley, or river-bed, present a suco 
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ferent seasons by partial storms, and disdiBTglng at 
difierent times unequal quantities of debris into the 
main channel. 

When the tortuous flexures of a river are extremely 

,, great, the aberration from the direct line of descent is 

^ often restored by the river cutting through the isthmus 

which separates two neighbouring curves. Thus, in 

the annexed diagram, the extreme sinuosity of the 




^ rtfeJ has caused it to return for a brief space in a con- 
trary direction to its main course, so that a peninsula 

.jg formed, and the isthmus (at a) is consumed on both 
sides by currents flowing in opposite directions. In 

-this case an island is soon formed, — on either side of 
which a portion of the stream usually remains." These 
windings occur not only in the channels of rivers, flow- 
ing like the Mississippi through flat alluvial plains, but 

'large valleys also are excavated to a great depth 
through solid rocks in this serpentine form. In the 
' valley of the Moselle, between Bemcastle and Roam, 

* which is sunk to a depth of from six to ei^t hundred 
""feet through an elevated platform of transition rocks, 

* ' the curves are so considerable that the river returns, 
•■ after a course of seventeen miles in one instance, and 
■> nearly as much in two others, to within a distance of 
'■• a few hundred yards of the spot it passed before.f 

• See « Paper on the ElcavaKon of Valltys &c. by G, Poulett 
Scrope, Esq. Proceediogs of Geol. Soc. No. 1-1., ISM. 
' t Ibid. 



nels in the direction of the current, not siz 
cavationsy wherein riven flow back again in an 
direction to their general line of deacent* 

I cannot however accede to the doctrine^ 
valleys of the Meuse and Moselle above a 
were formed simply by river action ; believi 
like many other deep valleys of a similar font 
been principally due to the tides and curreD 
sea, which acted throughout a great lapw 
during the gradual elevation of the country,* 

Transporting poioer of water. — In regar 
transporting power of water, we may often be 
at the facility with which streams of a small 
descendmg a slight declivity, bear along co 
and gravel; for we usually estimate the i 
rocks in air, and do not reflect on their ooi 
buoyancy when submerged in a denser flu 
specific gravity of many rocks is not more tl 
that of water, and very rarely more than t 
that almost all the fragments propelled by 
have lost a third, and many of them hal^ of 
usually term their weight. 
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water, that the velocity at the bottom of the stream is | 

every where less than in any part above it, and is 
greatest at the surface. Also, that the superficial 
particles in the middle of the stream move swifter 
than those at the sides. This retardation of the low- 
est anil lateral currents is produced by friction ; and 
when the velocity is sufficiently great, the soil com- 
posing the sides and bottom gives way. A velocity of I 
three inches per second at the bottom is ascertained to I 
be sufficient to tear up fine clay, — six inches per i 
second, fine sand, — twelve inches per second, fine 
gravel, — and three feet per second, stones of the size I 
of an egg.» I 
When this mechanical power of running water is i 
considered, we are prepared for the transportation of ' 
large quantities of gravel, sand, and mud, by the tor- | 
rents and rivers which descend with great velocity 
from mountainous regions. But a question naturally 
arises, bow the more tranquil rivers of the valleys and 
plains, flowing on comparatively level ground, can 
remove the prodigious burden which is discharged 
into them by their numerous trihutaries, and by what 
means they are enabled to convey the whole mass to i 
the sea. If they had not this removing power, their 
channels would be annually choked up, and the valleys 
of the lower country, and plains at the base of moun- 
tain-chains would be continually strewed over with 
fragments of rock and sterile sand. But this evil is 
prevented by a general law regulating the conduct of 
running water — that two equal streams do not, when 
united, occupy a bed of double surftce. In other 
words, when several rivers unite into one, the super- 

H^^^ * ^D'^fc. Brie — in. RJTera. ij 
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ficial area of the fluid mass is Heut less than tk 
previously occupied by the separate streams. Hk 
collective waters, instead of spreading themselTesMi 
over a larger hori2;ontal space, contract themselves isi 
a column of which the height is greater relativeifi 
its breadth. Hence a smaller proportion of the wUl 
is retarded by friction against the bottom and sideifj 
the channel ; and in this manner the twiin cunatfil 
often accelerated in the lower country, even where! 
slope of the river's bed is lessened. 

It not unfrequently happens, as will be 
demonstrated by examples, that two large livers^ < 
their junction, have only the surface which one of I 
had previously ; and even in some cases their 
waters are confined in a narrower bed thanciAf 
them filled before. By this beautiful adjustmentyii 
water which drains the interior country is madef 
tinually to occupy less room as it approaches the! 
and thus the most valuable part of our continH 
the rich deltas, and great alluvial plains, are prevail 
from being constantly under water.* 

Floods in Scotlandy 1829. — Many remarkable iS» 
trations of the power of running water in moril 
stones and heavy materials were afforded by the sta> 
and flood which occurred on the Sd and 4th of Asff^ 
1829, in Aberdeenshire and other counties in SaADi* 
The elements during this storm assumed all the dn" 
racters which mark the tropical hurricanes ; the viol 
blowing in sudden gusts and whirlwinds, the lightniif ■ 
and thunder being such as is rarely witnessed in o0 
climate, and heavy rain falling without intermissiGO. 
The floods extended almost simultaneously, and wio 

* . See article .Biyei;s, l&r»Gyc, Brit. 
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equal violepce, over that part of the north-east ati 
Scotland which would be cot off by two lines dravn 
fiom the head of Lochrannoch, one towards Inverness 
and the other to Stoneliaven. The united line of the 
different rivers which were flooded could not be less 
than from five to six hundred miles in length ; and the 
whole of their courses were marked by the destruction 
of bridges, roads, crops, and buildings. Sir T. D. 
Lauder has recorded the destruction of thirty-eight 
bridges, and the entire obliteration of a great number 
of farms and hamlets. On the Nairn, a fragment of 
sandstone, fourteen feet long by three feet wide and 
one foot thick, was carried above two hundred yards ^ 
down the river. Some new ravines were formed on the 
sides of mountains where no streams had previously 
flowed, and ancient river- channels, which had never 
been filled from time immemorial, gave passage to a 
copious flood.* 

The bridge over the Dee at Ballatu consisted of 6ve 
arches, having upon the whole a water-way of 260 
feet. The bed of the river, on which the piers rested, 
was composed of rolled pieces of granite and gneiss. 
The bridge was built of granite, and had stood un- 
injured for twenty years ; but the different parts were 
swept away in succession by the flood, and the whole 
mass of masonry disappeared in the bed of the river. -f 
" The river Don," observes Mr. Farquharson, in his 
account of the innndations, " has upon my own pre- 



■ Sr T. D. Lsuder's Account of the Gre»t FlDoda in Mora]', 
ihire, Aug. 1SS9. 

f From the wctnint giren hj the Rev. Junta Faiqututsnii 
In Jbe Quuteil; Joum. of Science &c. No. lii. New Series, 
p. 3SS. 
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mises forced a mass of four or five hundred tflM< 
stones, many of them two or three hundred poirf 
weight, up an inclined plane, rising six feet in e^ 
or ten yards, and lefl them in a rectangular 

about three feet deep, on a flat ground ; the 1^ 

ends abruptly at its lower extremity.*** 

The power even of a small rivulet, when swob If 
rain, in removing heavy bodies, was lately exem 
in the College, a small stream which flows at t 
rate declivity from the eastern water-shed of 
Cheviot-Hills. Several thousand tons* weight of 
and sand were transported to the plain of the Tffli 
a bridge then in progress of building was carried 
some of the arch-stones of which, weighing fron 
to three quarters of a ton each, were propelled 
miles down the rivulet. On the same occasid^ 
current tore away from the abutment of a mill 
large block of greenstone-porphyry, weighing 
two tons, and transported it to the distance 
quarter of a mile. Instances are related as 
repeatedly, in which from one to three thousand It: 
of gravel are, in like manner, removed by this stretfl^ 
to still greater distances in one day.f 

In the cases above adverted to, the waters of ti^ 
river and torrent were dammed back by the hnifi- 
which acted as partial barriers, and illustrate theii** 
sistible force of a current when obstructed. Brid^ 
are also liable to be destroyed by the tendency of riftf 
to shift their course, whereby the pier, or the wi 
on which the foundation stands, is undermined. 

♦ Quarterly Joum. of Sci. &c. No. xii. New Series, p.isi« 
t See a paper by Mr. Culley, F.G.S., Proceediiigs of Grt^i 
Soc. No. 12. 1829. 

I 
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When we consider how insignificant are the Toliime 
and velocity of the rivers and streams in our island, 
when compared to those of the Alps and other lofty 
chains, and how, during the successive changes which 
the levels of various districts have undergone, the 
contingencies which give rise to floods must have 
been multiplied, we may easily conceive that the 
quantity of loose superficial matter distributed over 
Europe must be considerable. That the position also 
of a great portion of these travelled materials should 
now appear most irregular, and should often bear no 
relation to the existing water-drainage of the country, 
is a necessary consequence, as we shall afterwards see, 
of the combined operations of running water and sub- 
terranean movements. 

Effects of ice in removing stones. — In mountainous 
regions and high northern latitudes, the moving of 
heavy stones by water is greatly assisted by the ice 
which adheres to them, and which, forming together 
with the rock a mass of less specific gravity, is readily 
borne along.* The snow which falls on the summits 
of the Alps throughout nine months of the year is 
drifted into the higher valleys, and being pressed down- 
ward by its own weight, forms those masses of ice and 
snow called glaciers* Large portions of these oflen 
descend into the lower valleys, where they are seen in 
the midst of forests and green pastures. The mean 
depth of the glaciers descending from Mont Blanc is 
from 80 ta 100 feet, and in some chasms is seen to 
amount to 600 feet.f The surface of the moving 
mass is usually loaded with sand and large stones, 

* Silliinan*8 Journal, No. xxx. p. 303. 

t Saussure, Voy. dans les Alpes, tom. i. p. 440. 

VOL. I. N 
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derived from the disintegration of the surrouDdinf 
rocks acted upon by frost. These transported mate- 
rials are generally arranged in long ridges or momid^ 
sometimes thirty or forty feet high. They are ofla 
two, three, or even more in number, like so manr 
hues of intrenchment, and consist of the debris whid 
have been brought in by lateral glaciers. The whflle 
accumulation is called in Switzerland '< the monuBC^* 
which is slowly conveyed to inferior valleys, and kft 
where the snow and ice melt, upon the plain, tbe 
larger blocks remaining, and the smaller being swqit 
away by the stream to which the melting of the ia 
gives rise. This stream flows along the bottom d 
each glacier, issuing from an arch at its lower a* 
tremity. 

In northern latitudes, where glaciers descend inii 
valleys terminating in the sea, great masses of k 
on arriving at the shore, are occasionally detached 
floated off together with their " moraine." The 
rents of the ocean are then often instrumental il 
transporting them to great distances. Scoresbr 
counted 500 icebergs drifting along in latitude 6St 
and 70^ north, which rose above the surface from the 
height of one to two hundred feet, and measured fron 
a few yards to a mile in circumference.* Many of ■ 
these contained strata of earth and stones, or wm ; 
loaded with beds of rock of great thickness, of whii 
the weight was conjectured to be from fifty thousand 
to one hundred thousand tons. Such bergs must be 
of great magnitude ; because the mass of ice below 
the level of the water is between seven and eight 
times greater than that above. Wherever they are ; 

• Voyage in 1822, p. 283, 
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dissolved, it is evident that the <^ moraine " will fall to 
the bottom of the sea. In this manner may submarine 
valleys, mountains, and platforms become strewed 
over with scattered blocks of foreign rock, of a nature 
perfectly dissimilar from all in the vicinity, and which 
may have been transported across unfathomable 
abysses. We have before stated, that some ice islands 
have been known to drift from Baffin's Bay to the 
Azores, and from the South Pole to the immediate 
neighbourhood of the Cape of Good Hope.* 

M. Lariviere relates that, being at Memel, on the 
Baltic, in 1821, when the ice of the river Niemen broke 
up, he saw a glacier thirty feet long, which had de- 
scended the stream, and had been thrown ashore. In 
the middle of it was a triangular piece of granite about 
a yard in diameter, resembling in composition the red 
granite of Finland.f Many rocky fragments are in 
this manner introduced by rivers into the Baltic ; and 
some of much larger dimensions are carried annually 
by the ice from one place to another in the Gulf of 
Bothnia, where the sea freezes every winter to the 
depth of five or six feet. Blocks of stone resting on 
shoals are first frozen in, and then on the melting of 
the snow as summer approaches, when the waters 
of the gulf rise about three feet, they are lifted 
up and conveyed to great distances by the ice, which 
in that season has broken: up into floating islands. 

Excavation of racks by running water. — The ra- 
pidity with which even the smallest streams hollow 
out deep channels in sofl and destructible soils is re- 

* For farther remarks on the transporting poifver of glaciers, see 
Book IT. ch. 11. 

f Consid. BUT leg Blocs £rrat, 1629. 
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markably exemplified in volcanic countries, where tbe 
sand and half-consolidated tuffs oppose but a slight 
resistance to the torrents which descend the mountiu 
side. Afler the heavy rains which followed the erup- 
tion of Vesuvius in 1822, the water flowing from tbe 
Atrio del Cavallo cut, in three dajs, a new chasm 
through strata of tuff and ejected volcanic matter, to 
the depth of twenty-five feet. I found the old mole- 
road, in 1828, intersected by this new ravine. 

The gradual erosion of deep chasms through some 
of the hardest rocks, by the constant passage of run- 
ning water charged with foreign matter, is anodicr 
phenomenon of which striking examples may be ad* 
duced. Illustrations of this excavating power m 
presented by many valleys in central France, wheR, 
the channels of rivers have been barred up by wtij 
currents of lava, through which the streams have 
excavated a passage to the depth of from twen^ 
seventy feet and upwards, and of^en of great wi( 
In these cases there are decisive proofs that neither] 
the sea, nor any denuding wave or extraordinary bo<l| 
of water, has passed over the spot since the mdtai ! 
lava was consolidated. Every hypothesis of the if 
tervention of sudden and violent agency is entireij 
excluded, because the cones of loose scoria, out of ) 
which the lavas flowed, are oftentimes at no grdl j 
elevation above the rivers, and have remained undii- 
turbed during the whole period which has been sul- , 
cient for the hollowing out of such enormous ravine&* \ 

Recent excavation by the Simeto. — But I shall t > 
present confine myself to examples derived from : 
events which have happened since the time of hist(^t 

i 
* See Book iv. cb. 19. I 
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At the western base of Etna^ a great current of 
lava (a a, fig. 5.), descending from near the summit of 
the great volcano, has flowed to the distance of five 




Recent excavation of lava at the foot of Etna by the river Simeto, 

or six miles, and then reached the alluvial plain of the 
Simeto, the largest of the Sicilian rivers, which skirts 
the base of Etna, and falls into the sea a few miles 
south of Catania. The lava entered the river about 
three miles above the town of Ademo, and not only 
occupied its channel for some distance, but, crossing 
to the opposite side of the valley, accumulated there in 
a rocky mass. Gemmellaro gives the year ] 60S as 
the date of the eruption.* The appearance of the 
current clearly proves that it is one of the most 
modern of those of Etna : for it has not been covered 
or crossed by subsequent streams or ejections, and the 
olives on its surface are all of small size, yet older 
than the natural wood on the same lava. In the course, 
therefore, of about two centuries, the Simeto has 
eroded a passage firom fifly to several hundred feet 
wide, and in some parts from forty to fifty feet deep. 

The portion of lava cut through is in no part porous ^/ 

* Quadro Istorico dell* Etna, 1824. Some doubts are enter- ,^ 

tained as to the exact date of this current by others, but all agree ^ 

that it is not one of the older streams even of the historical era. 
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waterfalls occur at i'asso Manzanelli, each 
feet in height. Here the chasm (b, 6g. 5 
forty feet deep, and only fifly broad. 

The sand and pebbles in the river-bed conj 
of a brown quartzose sandstone, derived froni 
country ; but the materials of the volcanic 
must have greatly assisted the attrition, 
like the Caltabiano on the eastern side of £t 
yet cut down to the ancient bed of which ii 
possessed, and of which the probable positi< 
cated in the annexed diagram (c, fig. 5.). 

On entering the narrow ravine where 
foams down the two cataracts, we are entire! 
from all view of the surrounding country ; ai 
gist who is accustomed to associate the cha 
features of the landscape with the relative t 
tain rocks, can scarcely dissuade himself firo 
lief that he is contemplating a scene in sc 
gorge of a primary district. The external 
the hard blue lava are as massive as any ^ 
ancient trap-rocks of Scotland. The solid si 
some parts smoothed and almost polished bi 



nv>rl rtrktr^vt^ 
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current of lava, which seems unbroken, and which we 
can trace up nearly to the distant summit of that ma- 
jestic cone which Pindar called " the pillar of heaven," 
and which still continues to send forth a fleecy wreath 
of vapour, reminding us that its fires are not extinct, 
and that it may again give out a rocky stream, whereio 
other scenes like that nowdescribed may present them- 
selves to future observers. 

jFal/s of Niagara. — The falls of Niagara afford a 
magnificent example of the progressive excavation of 
8 deep valley in solid rock. That river flows from 
Lake Erie to Lake Ontario, the former lake being 
330 feet above the latter, and the distance between 
them being thirty-two miles. On flowing out of the 
upper lake, the river is almost on a level with its 
' banks ; so that, if it should rise perpendicularly eight 
or ten feet, it would lay under water the adjocent flat 
country of Upper Canada on the West, and of the 
State of New York on the East.* The river, where it 
issues, is about three quarters of a mile in widt^> 
Before reaching the falls, it is propelled with great 
rapidity, being a mile broad, about twenty-five feet 
deep, and having a descent of fifty feet in half a mile. 
An island at the very verge of the cataract divides it 
into two sheets of water; one of these, called the 
Horse-shoe Fall, is six hundred yards wide, and I5fi 
feet perpendicular ; the other, called the American 
Falls, is about two hundred yards in width, and 164 
feet ill height. The breadth of the island is about 
five hundred yards. This great sheet of water is pre- 
cipitated over a ledge of hard limestone, in horizonti 

• Captain HsU's Trak«li in North America, voL i. p. 17aJ 
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Strata, beiow which is a somewhat greater ducbs^ 
of soil shale, which decays and crumbles awaj 
rapidly, so that the calcareous rock forms an 9» 
hanging mass, projecting forty feet or more above & 
hollow space below. 

The blasts of wind, charged with Spray, which s 
out of the pool into which this enormous caso^* 
projected, strike against the shale beds, so that As 
disintegration is constant ; and the superincumbB 
limestone, being left without a foundation, &Ssfii 
time to time in rocky masses. When these enonl 
fragments descend, a shock is felt at some diitfl 
accompanied by a noise like a distant clap of 
Afler the river has passed over the &lls, its 
observes Captain Hall, is immediately and com] 
changed. It then runs furiously along the 
a deep wall-sided valley, or huge trench, which 
been cut into the horizontal strata by the coni 
action of the stream during the lapse of ages, 
cliffs on both sides are in most places perpen 
and the ravine is only perceived on approaching* ■ 
edge of the precipice.* 

The waters, which expand at the falls, where fc 
are divided by the island, are contracted again, >^ 
their union, into a stream not more than 160 js^ 
broad. In the narrow channel, immediately bel(Wft^ 
immense rush of water, a boat can pass across ^ 
stream with ease. The pool, it is said, into which t^ 
cataract is precipitated, being 170 feet deep, thecf 
scending water sinks down and forms an under-currtf' 

* Captain HalFi Travels in North America, vol. i. pp^ 1-^ 
196. 216. 
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while a superficial eddy carries the upper stratum back 
towards the main fall.* This is not improbable ; and 
we must also suppose, that the confluence of the two 
streams, which meet at a considerable angle, tends 
mutually to neutralize their forces. The bed of the 
river below the falls is strewed over with huge frag- 
ments which have been hurled down into the abyss. 
By the continued destruction of the rocks, the falls 
have, within the last forty year^, receded nearly fifly 
yards, or, in other words, the ravine has been prolonged 
to that extent. Through this deep chasm, the Niagara 
flows for about seven miles ; and then the table-land, 
which is almost on a level with Lake Erie, suddenly 
sinks down at a town called Queenstown, and the river 
emerges from the ravine into a plain, which continues 
to the shores of Lake Ontario.f 

Recession of the FaUs, — There seems good found- 
ation for the general opinion, that the falls were once at 
Queenstown, and that they have gradually retrograded 
from that place to their present position, about seven 
miles distant. The table-land, extending from thence 
to Lake Erie, consists uniformly of the same geological 
formations as are now exposed to view at the falls. The 
upper stratum is an ancient alluvial sand, varying in 
thickness from 10 to 140 feet; below which is a bed 
of hard limestone, about ninety feet in thickness, 
stretching nearly in a horizontal direction over the 
whole country, and forming the bed of the river above 

* See Mr. Bakewell, jun. on the falls of Niagara.-^ Loudon's 
Mag. of Nat Hist. No. xii. March, I BSD. 

t The memoir of Mr. Bakewell, jun., above referred to, con- 
tuns two very illustrative sketches of the physical geography of 
the country between Lakes Erie and Ontario, including the Falls. 
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the falls, as do the mferior shales below. The mi 
shale is nearly of the same thickness as the limestoe. 
but this last is said to thicken at the point nowreack 
by the falls, a circumstance which may enable it k 
future to offer greater resistance to the force of tk| 
cataract.* 

If the ratio of recession had never exceeded ftl 

r a 

yards in forty years, it must have required nearljtol 
thousand years for the excavation of the whole iinr| 
but scarcely any estimate can be formed of tbe 
tity of time consumed in such an operation, becauKi 
retrograde movement was probably much morei 
when the whole current was confined within a 
not exceeding a fourth or fifth of that which the! 
now occupy. Should the erosive action not bei 
rated in future, it will require upwards o£ thirtjl 
sand years for the falls to reach Lake £rie Ctwi 
miles distant), to which they seem destined toi 
in the course of time, unless some earthquake 
the relative levels of the district. 

If that great lake should remain in its present! 
until the period when the ravine recedes to its sbfl^ 
the sudden escape of so vast a body of water i^ 
cause a tremendous deluge ; for the ravine wooU^; 
much more than sufficient to drain the whole lakfcC. 
which the average depth was found, during the ^\ 
survey, to be only 10 or 12 fathoms. But, in cotf^- 
quence of its shallowness. Lake Erie is fast fillingcj 
with sediment ; and it may be questioned, whetherSj 
entire area may not be converted into dry land, befej 
the falls recede so far. 

I 

* Monthly American Jou^n. July, 1831 p. 21. 
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CHAPTER 11. 

ACTION OF RUNNING WATER COntiuUed* 

Course of the Po — Desertion of its old channel — Artificial em- 
bankments of the Po, Adige, and other Italian rivers— Basin 
of the Mississippi — Its meanders — Islands — Shifting of its 
course — Raft of the Atchafalaya (p. 282.)— Drift wood — New- 
formed lakes in Louisiana — Earthquakes in valley of Missis- 
sippi — Floods caused by land-slips in the White Mountains 
(p. 289.) — Bursting of a lake in Switzerland — Devastations 
caused by the Anio at Tivoli. 

Course of the Po. — The Po affords an instructive 
example of the manner in which a great river bears 
down to the sea the matter poured into it by a multi- 
tude of tributaries descending from lofty chains of 
mountains. The changes gradually effected in the 
great plain of Northern Italy, since the time of the 
Roman republic, are considerable. Extensive lakes 
and marshes have been gradually filled up, as those 
near Placentia, Parma, and Cremona, and many have 
been drained naturally by the deepening of the beds 
of rivers. Deserted river-courses are not unfrequent, 
as that of the Serio Morto, which formerly fell into 
the Adda, in Lombardy ; and the Po itself has often 
deviated from its course. Subsequently to the year 
1390, it deserted part of the territory of Cremona, 
and invaded that of Parma ; its old channel being still 
recognizable, and bearing the name of Po Morto. 
Bressello is one of the towns of which the site was 
formerly on the lefl of the Po, but which is now on 
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stream. In the fifteenth century the n 
j again resumed its deserted channel, aad e 

a great island opposite Casalmaggiore. Ai 
the same century it abandoned, a secon 
bed called " Po Vecchio," carrying away t 
of Casalmaggiore. The friars in the mc 
Serviti took the alarm in 1471 , demolished 
ings, and reconstructed them at Fontana, ^ 
had transported the materials. In like i 
church of S. Rocco was demolished in I£ 
seventeenth century also the Po shifted it 
a mile in the same district, causing great de 
Artificial embankments ofltalicui rivers, • 
these and similar aberrations, a general 
embankment has been adopted ; and the 
and almost all their tributaries* are no 
between high artificial banks. The increa 
acquired by streams thus closed in, enab 
convey a much larger portion of foreign ni 
sea; and, consequently, the deltas of \ 
Adige have gained far more rapidly on 1 
since the practice of embankment bee 
universal. But, although more sediment 
the sea, part of the sand and mud. w 
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natural state of things would be spread out by annual 
inundations over the plain, now subsides in the bottom 
of tlie river- channels, and their capacity being thereby 
diminiiihed, it is necessary, in order to prevent in- 
undations in the fallowing spring, to extract matter 
. firom the bed, and to add it to the banks, of the river. 
Hence it happens that these streams now traverse the 
plain on the top of high mounds, like the waters of 
aqueducts, and at Ferraru the surface of the Po has 
become more elevated than the roofs of the houses.* 
The magnitude of these barriers is a subject of in- 
creasing expense and anxiety, it having been some- 
times found necessary to give an additioniU height of 
nearly one foot to the banks of the Adige and Po in a 
■ingle season. 

Tlie practice of embankment was adopted on some 
of the Italian rivers as early be the thirteenth century ; 
and Dante, writing in the beginning of the fourteenth, 
describes, in the seventh circle of hell, a rivulet of 
tears separated from a burning sandy desert by em- 
bankments "like those which, between Ghent and 
Bruges, were raised against the ocean, or those which 
the Paduans had erected along the Drenta to defend 
their villas on the melting of the Alpine snows." 

Quale i Fismminghi Ira Guizanle e Brugj 
Temindo il fiotlo cbe in Ter lor a'avTenU, 
Fuino lo sclienno, (icrvbd il mar si fuggio, 
E qviile i FDdovan lungo U Brenio, 
Per difender lor ijlle e lor caslelli. 
Ami che Chiarsnlana il c»ldo «nt« — 

/rt/emo. Canto ^ 
Basin of Ike Mhausippi. — Tlie hydrographical basin 
of tlie Mississippi displays, on the grandest scale, the 

* Pronf, Bce Curler, Disc Prelim, p. 146< 
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action of running water on the surfkce of a vart g» 
Unent This magnificent river rises nearly in the% 
ninth parallel of north latitude, and flows to the M 
of Mexico in the twenty-ninth — a course, indodiifil 
meanders, of nearly five thousand miles. It pw 
from a cold arctic climate, traverses the teasfok 
regions, and discharges its waters into the seaiatk 
region of the olive, the ^g, and the sugar-cane.* K 
river affords a more striking illustration of tiwlir, 
before mentioned, that an augmentation of volumedbi 
not occasion a proportional increase of surface, uj, 
even sometimes attended with a narrowing of &{ 
channel. The Mississippi is half a mile wide it 
junction with the Missouri f, the latter being 
equal width; yet the united waters have onlv/i 
their confluence to the mouth of the Ohio, a 
width of about three quarters of a mile. The j 
of the Ohio seems also to produce no increase^ 
rather a decrease, of surface.^ The St. Francis, 
Arkansas, and Red rivers, are also absorbed bv 

• 

main stream with scarcely any apparent increase rf*l 
width ; and, on arriving near the sea at New Oria»= 
it is somewhat less than half a mile wide. Its ^ 
there is very variable, the greatest at high water befcl 
168 feet. The mean rate at which the whole bodvJ 
water flows is variously estimated. According to so* 
it does not exceed one mile an hour. J 

"* Flint's Geography, vol. i. p. 21. ; 

t Flint says (vol. i. p. 140.) that, where the Mississippi reca«{ 
the Missouri, it is a mile and a half wide, but, according to C»' 
tain B, Hall, this is a great mistake. — -Travels in the Uni*' 
States, vol. iii. p. 328. 

\ Flint*s Geography, vol. i. p. 142. 

§ Hall's Travels in North America, vol. iii, p, 330,, whoci»' 
Darby. j 



Ch.ll.] CURVES OF THE MiaslSSIFPI. 279 

The alluvial plain of thia great river is bounded 
I on the east and west by great ranges of mountains 
I atretdiing along their respective oceans. Below the 
i< junction of the Ohio, the plain is from thirty to fifty 
L.. miles broad, and after that point it goes on increaaing 
. in width, till the expanse is perhaps three times as 
y great ! On the borders of this vast alluvial tract are 
perpendicular cliffs, or " bluffs,'' as they are called, 
aometimes three hundred feet or more in height, com- 
posed of limestone and other rocks, and often of allu- 
vium. For a great distance the Mississippi waslies the 
" eastern "bluffs;" and below the mouth of the Ohio, 
never once comes in contact with the western. The 
waters are thrown to the eastern side, because all the 
large tributary rivers entering from the west, have 
' filled that side of the great valley with a sloping mass 
of clay and sand. For this reason, the eastern bluffs 
are continually undermined, and the Mississippi is 
slowly but incessantly progressing eastward.* 

Curves of the Mississippi, — The river traverses the 
plain in a meandermg course, describing immense and 
' uniform curves, Afler sweeping round the half of a 
circle, it is carried in a rapid current diagonally across 
its own channel, to another curve of the same uni- 
formity upon the opposite shore. -[- These curves are 
' BO regular, that the boatmen and Indians calculate 
' distances by them. Opposite to each of them there 
is always a sand-bar, answering, in the convexity of 
\...ita form, to the concavity of " the bend," as it is 
I 'called. ;]: The river, by continually wearing these 

• Geogniiib. Descrip, of Ibe Slate of Louisiana, by W. Darbf, 
Fbilidelpbia, 1816, p. 103. 
_ t Flint's Geog. vol. i. p. \5S, ^ Ibid, 
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curves deeper, returns, like many other streams Mr 
described, on its own tract, so that a vessd in tm 
places, after sailing for twenty -five or thirty nulei,i 
brought round again to within a mfle of the pk 
whence it started. When the waters ap^midi 
near to each other, it often happens at high In 
that they burst through the small tongue of land, d 
insulate a portion, rushing through what is called Ik 
« cut off" with great velocity. At one spot, ok 
the "grand cut off," vessels now pass from oKp 
to another in half a mile to a distance which itibmv 
required a voyage of twenty miles to reach.* 

IVdste of its banks. — After the flood season, 
the river subsides within its channel, it adi 
destructive force upon the alluvial banks, 
and diluted by the recent overflow. Several acm 
time, thickly covered with wood, are precipitated! 
the stream; and large portions of the islands f( 
by the process before described are swept away. 

" Some years ago," observes Captain Hall, " r 
the Mississippi was regularly surveyed, all its islt- 
were numbered, from the confluence of the Misss: 
to the sea ; but every season makes such revolotis 
not only in the number but in the magnitude » 
situation of these islands, that this enumeratki-' 
now almost obsolete. Sometimes large islands 8*. 
entirely melted away — at other places they bi« 
attached themselves to the main shore, or, whiA's 
the more correct statement, the interval has bet 
filled up by myriads of logs cemented together ^ 
mud and rubbish." f When the Mississippi and mc; 

* Flint's Geog. vol. i. p. 154. 

t Travels in North America, vol. iii, p. 351. 
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of its great tributaries overflow their banks, the waters, 
being no longer borne down by the main current, and 
becoming impeded amongst the trees and bushes, 
deposit the sediment of mud and sand with which 
they are abundantly charged. Islands arrest the pro- 
gress of floating trees, and they often become in this 
maimer reunited to the land ; the rafls of trees, together 
with mud, constituting at length a solid mass. The 
coarser and more sandy portion is thrown down first 
nearest the banks ; and finer particles are deposited at 
the farthest, distances from the river, where an im- 
palpable mixture subsides, forming a stiff unctuous 
black soil* Hence, in the alluvial plains of these rivers 
the land slopes back, like a natural glacis, towards the 
cliffs bounding the great valley (see fig. 6.), and during 

a, Channel of the river. b. Base of the " blulB.** 

inundations the highest part of the banks form narrow 
strips of dry ground, rising above the river on one 
side, and above the low flooded country on the other. 
The Mississippi therefore has been described as a 
river running on the top of a long hill or ridge, which 
has an elevation of twenty-four feet in its highest part, 
and a base three miles in average diameter. Flint, 
however, remarks, that this picture is not very cor- 
rect, for, notwithstanding the comparative elevation of 
the banks, the deepest part of the bed of the river 
(a, fig. 6.) is uniformly lower than the lowest point of 
the alluvium at the base of the bluffs.* 

It appears then that the Mississippi, by the contmual 

• Flint's Geography, vol. i. p. 151. 
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shifting of its course, sweeps away, during a great 
portion of the year, considerable tracts of alluviam 
which were gradually accumulated by the overflow of 
former years, and the matter now left during the sjHring- 
floods will be at some future time removed. 

Raft of the Atchafidaya. — One of the most interest- 
ing features in this basin is " the raft." The dimen- 
sions of this mass of timber were given by Darby, in 
1816, as ten miles in length, about 220 yards wide, 
and eight feet deep, the whole of which had accu- 
mulated, in consequence of some obstruction, during 
about thirty-eight years, in an arm of the Mississ^i, 
called the Atchafalaya, which is supposed to have 
been at some past time a channel of the Red River 
before it intermingled its waters with the laain 
stream. This arm is in a direct line with the general 
course of the Mississippi, and it catches a large p(ff- 
tion of the drift wood annually brought down. 

The mass of timber in the raft is continually in- 
creasing, and the whole rises and falls with the water. 
Although floating, it is covered with green bushes, 
like a tract of solid land, and its surface is enlivened 
in the autumn by a variety of beautiful flowers. 

The rafts on Red River are equally remarkable ; in 
some parts of its course, cedar trees are heaped up bj 
themselves, and in other places pines. There is also 
a raft on the Washita, the principal tributary of the 
Red River, which seriously interrupts the navigation, 
concealing the whole river for seventeen leagues. 
This natural bridge is described in 1804 as supporting 
all the plants then growing in the neighbouring forest, 
not excepting large trees ; and so perfectly was the 
stream concealed by the superincumbent mass, that it 
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might be crossed in some places without any knowledge 
of its existence.* 

Drift Wood. — Notwithstanding the astonishing 
nmnber of cubic feet of timber arrested by the rafts, 
great deposits are unceasingly in progress at the ex- 
tremity of the delta in the Bay of Mexicdi " Unfor- 
tunately for the navigation of the Mississippi/' observes 
Captain Hall, ^' some of the largest trunks, afler being 
cast down from the posil;ion on which they grew, get 
their roots entangled with the bottom of the river, 
where they remain anchored, as it were, in the mud. 
The force of the current naturally gives their tops a 
tendency downwards, and, by its flowing past, soon 
strips them of their leaves and branches. These 
fixtureis, called snags or planters, are extremely dan- 
gerous to the steam-vessels proceeding up the stream, 
in which they lie like a lance in rest, concealed be- 
neath the water, with their sharp ends pointed directly 
against the bow of the vessels coming up. For the 
most part, these formidable snags remain so still, that 
they can be detected only by a slight ripple above 
them, not perceptible to inexperienced eyes. Some- 
times, however, they vibrate up and down, alternately 
showing their heads above the surface and bathing 
them beneath it."t So imminent is the danger caused 
by these obstructions, that almost all the boats on the 
Mississippi are constructed on a particular plan, to 
guard against fatal accidents.:|: 

* Navigator, p. 26S. Pittsburgh, 1821. 
-^ Travels in North America, vol. iii. p. S62. 

\ <* The boats are fitted," says Captain Hall, « with what is 
called a snag-chamber; — a partition formed of stout planks, which 
is caulked, and made so effectually water-tight, that the foremost 
end of the vessel is cut off* as entirely from the rest of the hold as 
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The prodigious quantity of wood annually drifted 
down by the Mississippi and its tributaries, is a subject 
of geological interest, not merely as illustrating the 
manner in which abundance of vegetable matter be- 
comes, in the ordinary course of Nature, imbedded in 
submarine and estuary deposits, but as attesting the 
constant destruction of soil and transportation of mat- 
ter to lower levels by the tendency of rivers to shift 
their courses. Each of these trees must have required 
many years, some of them many centuries, to attain 
their full size ; the soil, therefore, whereon they grew, 
after remaining undisturbed for long periods, is ulti- 
mately torn up and swept away. Yet, notwithstand- 
ing this incessant destruction of land and up-rooting d 
trees, the region which yields this never-failing supply 
of drift wood is densely clothed with noble forests, 
and is almost unrivalled in its power of supporting 
animal and vegetable life. 

Innumerable herds of wild deer and bisons feed on 
the luxurious pastures of the plains. The jaguar, the 
wolf, and the fox, are amongst the beasts of prey. Hie 
waters teem with alligators and tortoises, and their 
surface is covered with millions of migratory water- 
fowl, which perform their annual voyage between the 
Canadian lakes and the shores of the Mexican Grulf. 
The power of man begins to be sensibly felt, and the 
wilderness to be replaced by towns, orchards, and 
gardens. The gilded steam-boat, like a moving dty, 
now stems the current with a steady pace — now 



if it belonged to another boat. If the steam- vessel happen to ma 
against a snag, and that a hole is made in her bow, under the sur- 
face, this chamber merely fills with water." Travels in North 
America, vol. ill. p. S6S. 
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shoots rapidly down the descending stream through 
the solitudes of the forests and prairies. Already 
does the flourishing population of the great valley ex* 
ceed that of the thirteen United States when first 
they declared their independence, and, afler a san- 
guinary struggle, were severed from the parent 
country.* Such is the state of a continent where 
rocks and trees are hurried annually, by a thousand 
torrents, from the mountains to the plains, and where 
sand and finer matter are swept down by a vast cur- 
rent to the sea, together with the wreck of countless 
forests and the bones of animals which perish in the 
inundations. When these materials reach the Gulf, 
they do not render the waters unfit for aquatic ani« 
mals; but, on the contrary, the ocean here swarms 
with life, as it generally does where the influx of a 
great river furnishes a copious supply of organic and 
mineral matter. Yet many geologists, when they 
behold the spoils of the land heaped in successive 
strata, and blended confusedly with the remains of 
fishes^ or interspersed with broken shells and corals, 
imagine that they are viewing the signs of a turbulent 
mstead of a tranquil and settled state of the planet. . 
They read in such phenomena the proof of chaotic 
disorder, and reiterated catastrophes^ instead of indi- 
cations of a surface as habitable as the most delicious 
and fertile districts now tenanted by man. They are 
not content with disregarding the analogy of the 
present course of Nature, when they speculate on the 
revolutions of past times, but they often draw conclu- 
sions, concerning the former state of things, directly 
the reverse of those to which a fair induction from 
facts would infallibly lead them. 

* Flint's Geography, vol. i. 
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Farmaiion of lakes in Louisiana* — - Another strikiiig 
feature in the basin of the Mississippi, illustrative o£ 
the changes now in progress, is the formatioa by 
natural causes of great lakes, and the drainage of 
others. These are especially frequent in the basin of 
the Red River in Louisiana, where the largest of 
them, called Bistineau, is more than thirty miles laag, 
and has a medium, depth of from ^fteen to twenty feet 
In the deepest parts are seen numerous c^pressotrees, 
of all sizes, now dead, and most of them with their 
tops broken by the wind, yet standing erect under 
water. This tree resists the action of air and water 
longer than any other, and, if not submerged through- 
out the whole year, will retain life for an extraordinary 
period** Lake Bistineau, as well as Black Lake^ 
Cado Lake, Spanish Lake, Natchitoches Lake, and 
many others, have been formed^ according to Darby, 
by the gradual elevation of the bed of Red River, in 
which the alluvial accumulations have been so great 
as to raise its channel, and cause its waters, during 
the flood season, to ^ow up the mouths of many tribu- 
taries, and to convert parts of their courses into lakes. 
In the autumn, when the level of Red River is again 
depressed, the waters rush back agahi, and some lakes 
become grassy meadows, with streams meandering 
through them.f Thus, there is a periodical flux and 
reflux between Red River and some of these basins^ 
which are merely reservoirs, alternately emptied and 

* Captains Clark and Lewis found a forest of pines< standing 
erect under water in the body of the Columbia River in North 
America, which, they supposed, from the appearance of the trees, 
to have been submerged only about twenty years. •«— Vol. ii, 
p. 241. 

t Darby's Louisiana,; p* 33. 
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filled like our tide estuaries — with this 
that in the one case the land is submerged for several 
months continuously, and, in the other, twioe in 
twenty-four hours. It has happened, in serend 
that a bar has been thrown by Red Rirer across 
of the openings of these channels, and then the 
become, like Bistineau, constant reposiUmes of 
But even in these cases, their levd is liable to annnal 
elevation and depression, because the flood of the main 
river, when at its height, passes over the bar ; just as» 
where sand-hills 'close the entrance of an estoarj on 
the Norfolk or Suffolk coast, the sea, daring some high 
tide or storm, has often breached the barrier and inun- 
dated again the interior. 

Earthquakes in basin if Jl^ssissqgpi, — The frequent 
fluctuations in river courses, in various parts of the 
basin of the MississqyfH, are partly, perh ap a, to be 
ascribed to the co-operation of subterranean more' 
ments, which alter from time to time the relative 
levels of various parts of the sur&oe. So late as the 
year 1812, the whole valley from the mouth of the 
Ohio to that of the St. Francis, induding a tract three 
hundred miles in length, and exceeding in area the 
whole basin oi the Thames, was convulsed to sudb a 
degree, as to create new islands in the river, and lakes 
in the alluvial plain, some of which were twam^ muk$ 
in extent. I shall allude to this event, by whidb 'Sew 
Madrid was in great part destroyed, when I treat of 
earthquakes ; but may state here, that it hafy<md 
exactly at the same time as the £atal oonmbions in the 
district of Caraccas ; and the co u ntry dtsktu was 
nearly five degrees of latitude fiutber leiBorcd from 
the great centre oi volcanic disturbauciv than IW 
basin of the Red River before sUaJkd tou IMkjr 
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mentions beds of marine shells on the banks of Red 
River, which seem to indicate that Lower Loubiana 
b of recent formation : its elevation, perhaps, above 
the sea, may have been due to the same series of 
earthquakes which continues to agitate equat<Nrial 
America. 

Wlien countries are liable to be so extensively and 
permanently affected by earthquakes, speculations con- 
cerning changes in their hydrographical features must 
not be made without regard to the igneous as well as 
the aqueous causes of change. It is scarcely neces- 
sary to observe, that the inequalities produced even by 
one shock might render the study of the alluvial plain 
of the Mississippi, at some future period, most per- 
plexing to a geologist who should reason on the dis- 
tribution of transported materials, without being aware 
that the configuration of the country had varied mate- 
rially during the time when the excavating or removing 
power of the river was greatest. 

FLOODS, BURSTING OF LAKES, ETC. 

The power which running water may exert, in the 
lapse of ages, in widening and deepening a valley, does 
not so much depend on the volume and velocity of the 
stream usually flowing in it, as on the number and 
magnitude of the obstructions which have, at different 
periods, opposed its free passage. If a torrent, how- 
ever small, be effectually dammed up, the size of the 
valley above the barrier, and its declivity below, and 
not the dimensions of the torrent, will determine the 
violence of the debacle. The most universal source of 
local deluges are land-slips, slides, or avalanches, as 
they are sometimes called, when great masses of rock 
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and Boil, or sometitnes ice and snow, are precipitated 
into the bed of a river, the boundary cliffs of which 
have been thrown down by the ehock of an earthquake, 
or undermined by springs or other causes. Volumes 
might be tilSed with the enumeration of instances on 
record of these terriiic catastrophes : 1 shall therefore 
select a few examples of very recent occurrence, the 
iacts of whicb are well authenticated. 

Floods caused by landslips, 1826. — Two dry seasons 
in the White Mountains, in New Hampshire, were fol- 
lowed by heavy rains on the 28th August, 1826, when 
Irom the steep and lofly declivities which rise abruptly 
on both sides of the river Saco innumerable rocks and 
stones, many of suiGcient size to fill a common apart- 
ment, were detached, and in their descent swept down 
before them, in one promiscuous and frightful ruin, 
forests, shrubs, and the earth which sustained them. 
No tradition existed of any similar slides at former 
times, and the growth of the forest on tlie flanks of the 
hills clearly showed that for a long interval nothing 
similar had occurred. One of these moving masses 
was afterwards found to have slid three miles, with an 
average breadth of a quarter of a mile. The natural 
excavations commenced generally in a trench a few 
yards in depth and a few rods in width, and descended 
the mountains, widening and deepening till they be- 
came vast chasms. At the base of these hollow 
ravines was seen a wide and deep mass of ruins, con- 
uating of transported earth, gravel, rocks, and trees. 
Forests of spruce-fir and hemlock were prostrated with 
as much ease as if they had been fields of graiu ; for, 
where they disputed the ground, the torrent of mud 
and rock accumulated behind till it gathered sufficient 
force to burst the temporary barrier. 
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The valleys of the Amonoosuck and Saco presented, 
for many miles, an miinterrupted scene of desolation; 
all the bridges being carried away, as well as those 
over their tributary streams. In some places, the road 
was excavated to the depth of from fifteen to twenty 
feet ; in others, it was covered with earth, rocks, and 
trees, to as great a height. The water flowed for 
many weeks afler the flood, as densely diaiged with 
earth as it could be without being changed into mud, 
and marks were seen in various localities (^ its having 
risen on either side of the valley to more than twenty- 
five feet above its ordinary leveL Many sheep and 
cattle were swept away, and the WiUey &nii]y, nine 
in number, who in alarm had deserted their hoiifie» 
were destroyed on the banks of the Saco ; seven d 
their mangled bodies were afterwards found near flie 
river, buried beneath drift' wood and mountain ruki&* 
The geologist should remark that the lower alluviil 
plains are most exposed to such violent floods, and 
at the same time are best fitted for the sustenance (t 
herbivorous animals. If, therefore, any organic le- 
mains are foimd amidst the superficial heaps^ of trans- 
ported matter, resulting from those catastrophes, at 
whatever periods they may have happened, and what- 
ever may have been the former configuration and re- 
lative levels of the country, we may expect the 
imbedded fossil relics to be prmcipallj referriUe to 
this class of mammalia. 

But these catastrophes are insignificant, when com- 
pared to those which are occasioned by earthquakes, 
when the boundary hills, for miles in length, are 

^ ISUunan's Journal of Science, vol. xy. No. S. p. 216, Jan. 

1869. 
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thrown down into the hollow of a valley. I shall have 
Opportunities of alluding to inundations of this kind 
when treating expressly of earthquakes, and shall con- 
tent myself at present with selecting an example, of 
modern date, of a flood caused by the bursting of a 
temporary lake ; the facts having been described, with 
with more than usual accuracy, by scientific observers. 
Fhod in the Valley of Bagnesy 1818. — The valley 
of Bagnes is one of the largest of the lateral embranch- 
ments . of the main valley of the Rhone, above the 
Lake of Geneva. Its upper portion was, in 1818, 
converted into a lake by the damming up of a nar- 
row pass, by avalanches of snow and ice, precipitated 
from an elevated glacier into the bed of the river 
Dranse. In the winter season, during continued frost, 
scarcely any water flows in the bed of this river to 
preserve an open channel, so that the ice-barrier re- 
mained entire until the melting of the snows in spring, 
when a lake was formed above, about half a league 
in length, which finally attained in some parts a 
depth of about two hundred feet, and a width of 
about seven hundred feet. To prevent or lessen the 
mischief apprehended from the sudden bursting of the 
barrier, an artificial gaUery, seven hundred feet in 
length, was cut through the ice, befi)re the waters had 
risen to a great height. When at length they accu- 
mulated and flowed through this tunnel, they dissolved 
the ice, and thus deepened their channel, until nearly 
half of the whde contents of the lake were slowly 
drained off. But, at length, on the approach of thie 
hot season, the central portion of the remaining mass 
of ice gave way with a tremendous crash, and the 
residue of the lake was emptied in half an hour. Li 
the course of its descent, the waters encountered 

o2 
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several narrow gorges, and at each of these dief»| 
to a great height, and then burst with newTiolol 
into the next basin, sweeping along rocks, finfi 
houses, bridges, and cultivated land. For the grar! 
part of its course the flood resembled a moWngi 
of rock and mud, rather than of water. Smek\ 
ments of granitic rocks, of enormous magoitade,) 
which, from their dimensions, might be 
without exaggeration to houses, were torn oat ij 
more ancient alluvion, and borne down for a 
of a mile. One of the fragments moved wu A 
paces in circumference.* The velocity of the' 
in the first part of its course, was thirty-three i 
second, which diminished to six feet before it 
the Lake of Geneva, where it arrived in six 
a half, the distance being forty-five miles, f 

This flood left behind it, on the plains of 
thousands of trees torn up by the roots, togel 
the ruins of buildings. Some of the houses h\ 
town were filled with mud up to the seconds^ 
Afler expanding in the plain of Martigny, it op 
the Rhone and did no further damage; buti^. 
bodies of men, who had been drowned above Mtftf* 
were afterwards found, at the distance of about lii^ 
miles, floating on the farther side of the 1^ ' 
Geneva, near Vevey. 

The waters, on escaping from the temponrjUi 
intermixed with mud and rock, swept along, for dtesj 
four miles, at the rate of above twenty miles anbB<*i 

* This block was measured by Capt. B. Hall R. N. 

f See an account of the inundation of the Val de Bagte 
1818, in Ed. PhiL Journ., vol. i. p. 187., drawn np ftoB' 
Memoir of M. Escher, with a section, &c. 
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and M. Escher, the engineer, calculated that the flood 
furnished 300,000 cubic feet of water every second 
— an efflux which is five times greater than that of 
the Rhine below Basle. Now, if part of the lake 
had not been gradually drained off, the flood would 
have been nearly double, approaching in volume to 
some of the largest rivers in Europe. It is evident, 
therefore, that, when we are speculating on the exca- 
vating force which a river may have exerted in any 
particular valley, the most important question is, not 
the volume of the existing stream, nor the present 
levels of its channel, nor even the nature of the rocks, 
but the probability of a succession of floods, at some 
period since the time when tlie valley may have been 
first elevated above the sea. 

For several months afler the debacle of 1818, the 
Dranse, having no settled channel, shifted its position 
continually firom one 4Bide to the other of the valley, 
carrying away newly erected bridges, undermining 
houses, and continuing to be charged with as large a 
quantity of earthy matter as the fluid could hold in 
suspension. I visited this valley four months after the 
fliood, and was witness to the sweeping away of. a 
bridge, and the undermining of part of a house. The 
greater part of the ice-barrier was then standing, pi^e- 
senting vertical cliffs 150 feet high, like ravines in the 
lava-currents of Etna or Auvergne, where they are 
intersected by rivers. 

Inundations, precisely similar, are recorded to have 
occurred at former periods in this district, and from 
the same cause. In 1595, for example, a lake burst, 
and the waters, descending with irresistible fury, de- 
stroyed the town of Martigny, where from sixty to 

o 3 
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eighty persons perished. In a similar flood, It 
years before, 140 persons were drowned. 

Flood at TivoUy 1826. — I shall conclude wHhs 
more example, derived from a land of classic recoBB- 
tions, the ancient Tibur, and which, like all the otk 
inundations above alluded to, occurred within ^ft 
sent century. The younger Pliny, it will be 
bered, describes a flood on the Anio, wUch 
woods, rocks, and houses, with the most 
villas and works of art.* For four or fiv« 
consecutively, this ** headk>ng stream," m 
truly called it, has often remained, within its 
and then, after so long an interval of rest, haii 
ferent periods inundated its banks again, and 
its channel. The last of these catastrophes 
15th Nov. 1826, after heavy rains, sucji as 
the floods before alluded to in Scotland. The 
appear also to have been impeded by an artificial 
by which they were separated into two parts, a 
distance above Tivoli. They broke through this 
and, leaving the lefl trench dry, precipitated 
selves, with their whole weight, on the rigbt rf 
Here they undermined, in the course of a fbwlM^, 
a high cliff, and widened the river's channel ^ 
fifteen paces. On this height stood the church i^*^ 
Lucia, and about thirty-six houses of the tovsfli 
Tivoli, which were all carried away, presenting < 
they sank into the roaring flood, a terrific wet^ 
destruction to the spectators on the opposite bi^ 
As the foundations were gradually removed, eii' 
building, some of them edifices of considerable bod^ 

• Lib.viii. Epist. 17. 
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was first traversed with numerous rents, which soon 
widened into large fissures, until at length the roofs 
fell in with a crash, and then the walls sank into the 
river, and were hurled down the cataract below.* 

The destroying agency of the flood came within 
two hundred yards of the precipice on which the 
beautiful temple of Vesta stands ; but fortunately this 
precious relic of antiquity was spared, while the wreck 
of modern structures was hurled down the abyss. 
Vesta, it will be remembered, in the heathen mytho- 
logy, personified the stability of the earth ; and when 
the Samian astronomer, Aristarchus, first taught that 
the earth revolved on its axis, and round the sun, he 
was publicly accused of impiety, "for moving the 
everlasting Vesta from her place." Playfair observed, 
that when Hutton ascribed instability to the earth's 
surface, and represented the continents which we 
inhabit as the theatre of incessant change and move- 
ment, his antagonists, who regarded them as un- 
alterable, assailed him, in a similar manner, with 
accusations founded on religious prejudices.f We 
might appeal to the excavating power of the Anio as 
corroborative of one of the most controverted parts 
of the Huttonian theory ; and, if the days of omens 
had not gone by, the geologists who now worship 
Vesta might regard the late catastrophe as portentous. « 
We may, at least, recommend the modem votaries of 
the goddess to lose no time in making a pilgrimage to 
her shrine, lor the next flood may not respect the 
temple. 

* When at Tivoli, in 1829, I received this account from eye* 
witnesses of the event. 

t Illustr. of Hutt.' Theory, § S. p. 147. 
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Origin of Springs — Bored wells — Distinct causes by 
mineral and thermal waters may be raised to the 

Their connection with volcanic agency (p. 304.) 

Springs — Travertin of the Elsa — Baths of San V^atvi 
of San Filippo, near RadicofiEmi — Spheroidal stmctoniik^- 
vertin, as in English magnesian limestone (p. 313.)—] 

of Vitcrbo — Lake of the Solfatara, near Rome ' 

Cascade of Tivoli (p.S18.)^- Gypseous, Siliceous, and! 
ginous Springs — Brine Springs (p. 326.)^— 
Springs — Disintegration of granite in Auveivne ^ 
Springs^ Pitch Lake of Trinidad. 

Origin of springs. — The action of running 
the land having been considered, we may nexi^ 
our attention to what may be termed << the si^^ 
ranean drainage," or the phenomena of springs. &f 
one is familiar with the fact, that certain porous s* 
such as loose sand and gravel, absorb water with it 
dity ; and that the ground composed of them sooni*: 
up after heavy showers. If a well be sunk in 9P^ 
soils, we often penetrate to considerable depths hif 
we meet with water ; but this is usually found oni^ 
approaching the lower parts of the formation, whetf^ 
rests on some impervious bed ; for here the wjP^ 
unable to make its way downwards in a direct Bii^ 
accumulates as in a reservoir, and is ready to oou* 
into any opening which may be made, in the 6*^1 
n^anner as we see the salt water flow into, and ft 
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any hollow which we dig in the sands of the shore at 
low tide. 

The facility with which water can percolate loose 
and gravelly soils is clearly illustrated by the effect of 
the tides in the Thames between Richmond and 
London. The river, in this part of its course, flows 
through a bed of gravel overlying clay, and the porous 
superstratum is alternately saturated by the water of 
the Thames as the tide rises, and then drained again 
to the distance of several hundred feet from the banks 
when the tide falls, so that the wells in this tract r^u- 
larly ebb .and flow. 

If the transmission of -water through a porous 
medium be so rapid, we cannot be surprised that 
springs should be thrown out on the side of a liill, 
where the upper set of strata consist of chalk, sand, or 
other permeable substances, while the subjacent are 
composed of clay or other retentive soils. The only 
difficulty, indeed, is, to explain, why the water does 
not ooze out every where along the line of junction of 
the two formations, so as to form one continuous land- 
soak, instead of a few springs only^ and these far dis- 
tant from each other. The principal cause of this 
concentration of the waters at a few points is, first, the 
frequency of rents and fissures, which act as natural 
drains ; secondly, the existence of inequaliti^ in the 
upper surface of the impermeable stratum, which lead 
the water, as valleys do on the external surface of a 
country, into certain low levels and channels. 

That the generality of springs owe their supply to 
the atmosphere is evident from this, that they become 
languid, or entirely cease to flow, afler long droughtSi 
and are again re^enished afler a continuance of rain. 
Many of them are probably mdebted for the constancy 

o 5 
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and uniformity of their volume to the great exteotif 
the subterranean reservoirs with which they oonoi' 
nicate, and the time required for these to empty te 
selves by percolation. Such a gradual and r^uM 
discharge is exhibited, though in a leas perfect degie 
in every great lake, which is not sensibly affected i 
its level by sudden showers, but only slightly wtk 
so that its channel of efflux, instead of being nk 
suddenly like the bed of a torr^it, is enabled to 
off the surplus water gradually. 

Much light has been thrown, of late years, oi 
theory of springs, by the boring of what are caUeH 
the French << Artesian wells," because the method 
long been known and practised in Artois; andiij 
now demonstrated that there are sheets, and, in 
places, currents of fresh water, at various depths ii 
earth. The instrument employed in excavating 
wells is a large auger, and the cavity bored is 
from three to four inches in diameter. If a hard 
is met with, it is first triturated by an iron rod,J 
the materials, being thus reduced to small fragDiir= 
or powder, are readily extracted. To hinder tbei 
of the well from falling in, as also to prevent ^ 
spreading of the ascending water in the surrounfe 
soil, a jointed pipe is introduced, formed of wood? 
Artois, but in other countries more cominonly of mei 
It frequently happens that, after passing through !*■ 
dreds of feet of retentive soils, a water-bearing strati^ 
is at length pierced, when the fluid immediately ascefi^^ 
to the surface and flows over. The first rush (X^ 
water up the tube is often violent, so that for a ti» 
the water plays like a fountain, and then, sinking, cot 
tinues to flow over tranquilly, or sometimes remains sfr 
tionary at a certain depth below the orifice of the ve^ 
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This spouting of the water in the first instance is pro- 
bably owing to the disengagement of air and carbonic 
acid gasy for both of these have been seen to bubble 
up with the water,* 

At Sheemess, at the mouth of the Thames, a well 
was bored on a low tongue of land near the sea, through 
SOO feet of the blue clay of London, below which ^ 
bed of sand and pebbles was entered, belonging, doubt* 
less to the plastic clay formation : when this stratum 
was pierced, the water burst up with impetuosity, and 
filled the well. By another perforation at the same 
place, the water was found at the depth of 328 feet, 
below the surface clay ; it' first rose rapidly to the 
height of 189 feet, and then, in the course of a few 
hours, ascended to an elevation of eight feet above the 
level of the ground. In 1 824<, a well was dug at Fulham, 
near the Thames, at the Bishop of London's, to the 
depth of 317 feet, which, after traversing the tertiary 
strata, was continued through 67 feet of chalk. The 
water immediately rose to the sur&ce, and the dis- 
charge was above 50 gallons per minute. In the 
garden of the Horticultural Society at Chiswick, the 
borings passed through 19 feet of gravel, 24<2 feet of 
clay and loam, and 67 feet of chalk, and the water then 
rose to the surface from a depth of 329 feet, f At the 
Duke of Northumberland's, above Chiswick, the borings 
were carried to the extraordinary depth of 620 feet, 
so as to enter the chalk, when a considerable volume 
of water was obtained, which rose four feet above the 
surface of the ground. In a well of Mr. Brooks, at 
Hammersmith, the rush of water from a depth of 360 

* Consult Hericart de Thury*s work on ** Fuits For^u*' 
t Sabine, Journ. of Sci., No. 33. p. 72. 1824. 
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feet was so great, as to inundate several buOdiogii^l 
do considerable damage ; and at Tooting, a vaSaat ' 
stream was obtained to turn a wheel, and raise ikf 
water to the upper stories of the houses.* In tbete 
of three wells bored through the chalk, at TouiSiE. 
the depth of several hundred feet, the water rosethir^ 
two feet above the level of the soil, and the discbs^} 
amounted to three hundred cubic yards of water errf 
twenty-four hours, f j 

Excavations have been made in the same waytoif 
depth of eight hundred, and even twelve hundred feet| 
France (the latter at Toulouse), and without succoi 
A similar failure was experienced in 1830, in borie^ 
Calcutta, to the depth of more than 150 feet, 
the alluvial clay and sands of Bengal. Mr. 
the British consul in Egypt, obtained water 
Cairo and Suez, in a calcareous sand, at the d 
thirty feet ; but it did not rise in the well.} 
geological structure of the Sahara is supposed, brl 
Rozet, to favour the prospect of a supply of waterr 
artesian wells, as the parched sands on the outskirC 
the desert rest on a substratum of argillaceous mai? 

The rise and overflow of the water in these wefe. 
generally referred, and apparently with reason, to ^. 
same principle as the play of an artificial fouirti^ 
Let the porous stratum, or set of strata a a, xeA^ 
the impermeable rock rf, and be covered by anfli^ 
mass of an impermeable nature. The whole mtfi 
may easily, in such a position, become saturated vii 

♦ H^ricart de Thury, p. 49. 

f Bull, dela Soc. Geol. de France, torn. iii. p. 194* 

{ Id. torn. ii. p. 272. 

§ Bou^ Resume dcs Prog, de la Geol. en 1832, p. 181 
11 Bull, de la Soc G^l. de France, torn. ii. p. s^ 
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water, which may descend from its higher and exposed 
parts -^ a hilly region to which clouds are attracted. 




and where rain falU in abundance. Suppose that at 
some point, as at 6, an opening be made which gives 
a free passage upwards to the waters confined in a a 
at so low a level that they are subjected to the pres- 
sure of a considerable column of water collected in 
the more elevated portion of the same stratum. The 
water will then rush out, just as the liquid from a 
large barrel which is tapped, and it will rise to a 
height corresponding to the level of its point of depart- 
ure, or, rather, to a height, which balances the pres- 
sure previously exerted by the confined waters against 
the roof and sides of the stratum or reservoir acu In 
like manner, if there happen to be a natural fissure o, 
a spring will be produced at the surface on precisely 
the same principle. 

Among the causes of the failure of artesian wells, 
we may mention those numerous rents and faults 
which abound in some rocks, and the deep ravines 
and valleys by which many countries are travers^; 
for, when these natural lines of drainage exist, there 
remains a small quantity only of water to escape by 
artificial issues. We are also liable to be baffled by the 
great thickness either of porous or impervious strata, 
or by the dip of the beds, which may carry off the 
waters from adjoining high lands, to some trough in an 
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opposite direction; as when the borings aiemgdeii 
the foot of an escarpment where the strata indii 
inwards, or in a direction opposite to the fiuxoftb| 
cliffs. 

The mere distance of hills or mountains need s(j 
discourage us from making trials; for the waters iMJ 
fall on these higher lands readily penetrate to gietfl 
depths through highly inclined or vertical strati, ij 
through the fissiures of shattered rocks^ and aftori 
ing for a great distance, must often re-ascend and I 
brought up again by other fissures, so as to 
the surface in the lower country. Here they mif I 
concealed beneath a covering of undisturbed 
beds, which it may be necessary to pierce in ordvj 
reach them. It should be remembered, that the 
of waters flowing under ground bears but a 
resemblance to that of rivers on the surface, 
being, in the one case, a constant descent from a! 
to a lower level from the source of the stream tol 
sea; whereas, in the other, the water may at onec| 
sink far below the level of the ocean,* and aflenrj} 
rise again high above it. 

Among other curious facts ascertained by aM . 
the borer, it is proved that in strata of different ^ 
and compositions there are often open passages*^ 
which the subterranean waters circulate. Thus, 4 
St. Ouen, in France, five distinct sheets of water fP 
intersected in a well, and from each of these a st 
obtained. In the third water-bearing stratum, 
the depth of 150 feet, a cavity was found in wlii^ 
the borer fell suddenly about a foot, and thence ^■ 
water ascended in great volume.* The same felling' 



♦ H. de Thury, p. 295. 
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the tnEtrumeot, as in a hollow space, has been remarked 
in England and other countries. At Tours, in 1830, 
a well was perforated quite through the chalk, when 
the water suddenly hrought up, from a depth of 364 
fleet, B great quantity of fine sand, with much vegetable 
matter and shells. Branches of a thoro several inches 
long, much blackened by their stay in the water, were 
recognized, as also the stems of marsh plants, and 
some of their roots, which were still white, together 
witli the seeds of tlie same, in a state of preservation 
Vbich showed that they had not remained more than 
'three or four months in the water. Among the seeds 
'were those of the marsh-plant Galium uliginosum; 
\nd among the shells, a freshwater species {Pltawrlm 
^vargitiatuii), and some land species, as Hdix rotundata 
J>iad S. striata. M. Dujardin, who, with others, observed 

^bU phenomenon, supposes that the waters had flowed 

ficom some valleys of Auvergne or the Vivarais since 
tl^e preceding autumn.* 
't An analogous phenomenon is recorded at Riemk%^ 
iftear Bochum in Westphalia, where the water of a 
afirtesian well brought up, from a depth of 1^6 feeti 

ereral smalt hsh, three or four inches long, the nearest 
M'trearas in the country being at the distance of some 
gieigues.f 

^1 In both cases it is evident that water had pene- 
l^nted to great depths, not simply by filtering through 
^A porous mass, for then it would have lefl behind the 

flieUB, 6eIi, and fragments of plants, hut by 6owing 
albrough some open channels in the earth. Such ex- 
amples may suggest tlic idea that tlie leaky beds o^ 
j^vers are often the feeders of springs. 
^ • Bull. St h Sac. Geot. de France, tom. i, p,35. 

^1 f Id. p. ais. 
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MINERAL AND THERMAI. SPRINGS. 

Almost all springs, even those which we considertb 
purest, are impregnated with some foreign ingrediaft 
which, being in a state of chemical solution, n?' 
intimately blended with the water, as not to aiectii . 
clearness, while they render it, in general, more ^- 
able to our taste, and more nutritious than simple iff; 
water. But the springs called mineral conHbi^ 
unusual abundance of earthy matter in solutioB, if 
the substances with which they are impregpatedo^ 
respond remarkably with those evolved in a gntf 
form by volcanos. Many of these springs are theni 
and they rise up through all kinds of rock; u\' 
example, through granite, gneiss, limestone, ori| 
but are most frequent in volcanic regions, or 
violent earthquakes have occurred at eras coi 
tively modern. 

The water given out by hot springs is geoti 
more voluminous and less variable in quantity at: 
ferent seasons than that proceeding from any otfcf 
In many volcanic regions, jets of steam, called b^- 
Italians " stufas,'* issue from fissures, at a temper^ 
high above the boiling point, as in the neighbom^ 
of Naples, and in the Lipari Isles, and are diseng^ 
unceasingly for ages. Now, if such columns of fittf 
which are often mixed with other gases, shodd? 
condensed before reaching the surface, by coming' 
contact with strata filled with cold water, they bT 
give rise to thermal and mineral springs ofert* 
degree of temperature. It is, indeed, by this mec 
only, and not by hydrostatic pressure, that we <? 
account for the rise of such bodies of water fromgf^ 
depths ; nor can we hesitate to admit the adequacy 
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the cause, if we suppose the expansion of the same 
elastic fluids to be sufficient to raise columns of lava 
to the lofty summits of volcanic mountains. Several 
gases, the carbonic acid in particular, are disengaged 
in a free state from the soil in many districts, especi- 
ally in the regions of active or extinct volcanos ; and 
the same are found more or less intimately combined 
with the waters of all mineral springs, both cold and 
thermal. Dr. Daubeny and other writers have re- 
marked, not only that these springs are most abundant 
in volcanic regions, but that when remote from them, 
their site usually coincides with the position of some 
great derangement in the strata ; a fault, for example, 
or great fissure, indicating tliat a channel of commu- 
nication has been opened with the interior of the 
earth at some former period of local convulsion. 

The small area of volcanic regions^may appear, at 
first view, an objection to this theory, but not so when 
we include earthquakes among the effects of igneous 
agency. A large proportion of the land hitherto ex- 
plored by geologists can be shown to have been rent 
or shaken by subterranean movements since the oldest 
tertiary strata were formed* It will also be seen, ia 
the sequel, that new springs have burst out, and others 
have had the volume of their waters augmented, and 
their temperature suddenly raised after earthquakes ; 
80 that the description of these springs might almost 
with equal propriety have been given under the head 
oi <^ igneous causes,'* as they are agents of a mixed 
nature, being at once igneous and aqueous. 
. Put how, it will be asked, can the regions of volcanic 
heat send forth such inexhaustible supplies of water ? 
The difficulty of solving this problem would, in truth, 
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be insiurmountable, if we believed that all the tt» 
spheric waters found their way into the basnofik 
ocean ; but in boring near the shores we often at! 
with streams of fresh water at the depth of sefO 
hundred feet below the sea level ; and these pnhv 
descend) in many cases, far beneath the bottom i^\ 
sea, when not artificially intercepted in their 
Yet, how much greater may be the quantity rf 
water which sinks beneath the floor of the 
through the porous strata of which it is ofta 
posed, or through fissures rent in it by 
After penetrating to a considerable depth» Hak 
may encounter a heat of sufficient intensity to 
it into vapour, even under the high pressure to 
it would then be subjected. This heat wodd 
bably be nearest the sur&ce in volcanic 
fiurthest from it in those districts which hare 
longest free from eruptions or earthquakes : 
pursue this inquiry farther would lead us to id 
pate many topics belonging to another division d* 
subject. 

It would follow from the views above expto 
that there must be a two-fold circulation of tentfP 
waters; one caused by solar heat, and the otho- 
heat generated in the interior of our planet f 
know that the land would be unfit for vegetati*^ 
deprived of the waters raised into the atmospbeff^ 
the sun ; but it is also true that mineral sprii^f 
powerful instruments in rendering the surface sob^^ 
vient to the support of animal and vegetable i 
Their heat is said to promote the davelopmeDt oft^ 
aquatic tribes in many parts of the ocean, sod ^ 
substances which they carry up from the bowds d^ 
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earth to the habitaUe surface, are of a nature and in a 
form wiiioh adapts them peculiarly for the nutrition of 
aiunals and plants* 

As these springs deriye their chief importance to 
the geologist from the quantity and quality of the 
earthy materials which, like volcanos, they convey 
from below upwards, they may properly be considered 
in reference to the ingredients with which they are 
impr^nated. These consist of almost all known sub« 
staoGes ; bat the most predominant are, carbonate of 
lime, Garbonic and sulphuric acids, iron, silica, mag- 
nesia, alumine, and salt, besides petroleum, or liquid 
bitumen, and its various modificaticms, such as mineral 
pilich, naptba, and asphaltum. 

CaJkattom springs. — Our first attention is naturally 
directed to springs which are highly charged with cal- 
careous matter ; for these produce a variety of pheno- 
mena of much interest in geoli^y. It is known that 
rain-water has the property of dissolving the calcareous 
rodss over which it flows, and thus in the smallest 
ponds and rivulets, matter is often supplied for the 
earthy secretions of testacea, and for (iie growth of cer- 
tain plants on whidi they feed. But many springs hold 
so much carbonic acid in solution, that they are en- 
abled to dissolve a much larger quantity of calcareous 
matter than rain-water; and when the acid is dissipated 
in the atmosphere, the mineral ingredients are thrown 
down, in the form of tufa or travertin.* 

Atmerffne. — Calcareous springs, although most abun- 
dant in limestone districts, are by no means confined 

* The more loose snd porous rock, usually containing incrusted 
plants and other substances, is called tufa, the more compact, 
tnnmtxtu Stc Qlmmej^ articles TUfli and Ttavcifin. 
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Vall^ of the EUa. — If we pasa from the 
district of France to that which skirts the 
in the Italian peninsula, we meet with inn 
springs, which hare precipitated ao much 
matter, that the whole ground in acme 
Tuscany is coated over with travertin, and 
hollow beneath the foot . ■ n? 

' In other places in the same country, compact 
are seen descending the slanting aides of^hillM 
much in the manner of lava currenta, except thsfc^ 
are of a white colour, and terminate- abmpdf 
they reach the course of .a river* > These 
the calcareous precipitate a& springs^ some •' 
still flowing, while others have, disappooiied 
liieir pqsiti^ Such |(nass€ia|U)aJNquMt an Ai 
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of die hills which bound the valley of the Elsa, one of 
the tributaries of the Arno, which flows near Colle, 
through a valley several hundred feet deep, shaped 
out of a lacustrine formation, containing fossil shells of 
existing species. The travertin is unconformable to 
the lacustrine beds, and its inclination accords with 
the slope of the sides of the valley. 

One of the finest examples which I saw, was at the 
M olino delle Caldane, near Colle. 

The Sena, and several other small rivulets which 
feed the Elsa, have the property of lapidifying wood 
and herbs ; and, in the bed of the Elsa itself, aquatic 
plants, sndi as Charse, which absorb large quantities of 
carbonate of lime, are very abundant. Carbonic acid 
is also seen in the same valley, bubbling up from many 
springs, where no precipitate of tufa is observable. 
Targioni, who in his travels has mentioned a great 
number of mineral waters in Tuscany, found no dif-* 
ference between the deposits of cold and thermal 
springs. They issue sometimes from the older Apen- 
nine limestone, shale, and sandstone, while, in other 
.places, they flow from more modem deposits ; but even 
in the latter case, their source may probably be in or 
below the older series of strata. 

Baths rf San Vignone. — Those persons who have 
merely seen the action of petrifying waters in our own 
. country, will not easily form an adequate conception 
of the scale on which the same process is exhibited in 
those regions which lie nearer to the active centres 
' of volcanic disturbance. One of the most striking 
examples of the rapid precipitation of carbonate of 
lime from thermal waters occurs in the hill of San 
Vignone in Tuscany, at a short distance from Radi- 
oofani, and (mly a few hundred yards from the high 
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f Traveribi, Sdn ^ignone. 

when not in jexy small quantity, ie of a bri^p 
colour. So rapid is the deposition near the t 
that in the bottom of a conduit-pipe for carryiBgi 
water to the baths, and which is inclined at sn 
of 30°, half a foot of solid travertin is formed ei 
year. A more compact rock is produced a4Mil< 
water flows slowly, and the precipitation in * 
when there is least evaporation, is said to be 
solid, but less in quantity by one fourth, tk 
summer. The rock is generally white ; some pi 
it are compact, and ring to the hammer ; olbo 
cellular, and with such cavities as are aeen ■> 
carious part of bone or the siliceous nuHstoDelf' 
Paris basin. A portion of it also below the 
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San Vignone consists of incrustations of long v^etable 
tubes, and may be called tufa. Sometimes the tra. 
yertin assumes precisely the botryoidal and mammillary 
jformSy common to similar deposits in Auvergne, of a 
much older date, hereafter to be mentioned ; and, like 
them, it often scales off in thin, slightly undulating layers. 

A large mass of travertin (c. Fig. 8.) descends the 
hill from the point where the spring issues, and reaches 
to the distance of about half a mile east of San Vig- 
none. The beds take the slope of the hill at about an 
angle of 6^, and the planes of stratification are per- 
fectly paraQeil. One stratum, composed of many 
layers, is of a compact nature, and fifteen feet thick; 
it serves as an excellent building stone, and a mass of 
^een feet in length was, in 1828, cut out for the new 
tridge over the Orcia. Another branch of it (a, Fig. 8.) 
descends to the west, for 250 feet in length, of varying 
thidmess, but sometimes 200 feet deep : it is then cut 
'eff by the small river Orcia, precisely as some glaciers 
in Switzerland descend into a valley till their progress 
js suddenly arrested by a transverse stream of water. 

The abrupt termination of the mass of rock at the 
river, when its thickness is undiminished, clearly shows 
that it would proceed much farther if not arrested by 
•the stream, over which it impends slightly. But it 
cannot encroach upon the channel of the Orcia being 
ccmstantly undermined, so that its solid fragments are 
seen strewed amongst the alluvial gravel. However 
enormous, therefore, the mass of solid rock may appear 
which has been given out by this single spring, we 
may feel assured that it is insignificant in volume when 
compared to that which has been carried to the sea 
since the time when it began to flow. What may 
have been the length of that period of timei we have 
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no data for conjecturing. In quarrying the tnnratis 
Roman tiles have been sometimes found at the defc 
of five or six feet. 

BcUJis of San Filippo.^— On another hill, nottff 
miles from that last mentioned, and also conoece 
with Mount Amiata, the summit of which is ibij 
three miles distant, are the celebrated baths ofs| 
Filippo« The subjacent rocks consist of altemti^ 
of black slate, limestone, and serpentine, of hi^ 
inclined strata, belonging to the Apennine fbrnatf 
and, as at San Vignone, near the boundary of atertt 
basm of marme origin, consisting chiefly of bhie« 
laceous marl. There are three warm springs k 
containing carbonate and sulphate of lime, aod 
phate of magnesia. The water which supplia 
bath falls into a pond, where it has been 
deposit a solid mass thirty fe&i thick, in about 
years.* A manufactory of medallions in basi 
is carried on at these baths. The water is condii 
by canals into several pits, in which it deposit!^ 
vertin and crystals of sulphate of lime. After i^ 
thus freed from its grosser parts, it is conveyed ^ 
tube to the summit of a small chamber, and maik 
fall through a space of ten or twelve feet. The c 
rent is broken in its descent by numerous aoi 
sticks, by which the spray is dispersed around 4 
certain moulds, which are rubbed lightly over wtf 
solution of soap, and a deposition of solid matter I| 
marble is the result, yielding a beautiful cast <tf t 
figures formed in the mould.f The geologist 4 



* Dr. Grosse on the Baths of San FQippo. Ed. Phil J^ 
▼ol. ii. p. 292. 
t Id. p. 297. 
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derive from these experiments considerable light, in 
r^ard to the high inclination at which some semi- 
crystalline precipitations can be formed ; for some of 
the moulds* are disposed almost perpendicularly, yet 
the deposition is nearly equal in all parts. 

A hard stratum of stone, about a foot in thickness, 
is obtained from the waters of San Filippo in four 
months ; and, as the springs are powerful, and almost 
uniform in the quantity given out, we are at no loss to 
comprehend the magnitude of the mass which de- 
scends the hill, which is a mile and a quarter in length 
mad the third of a mile in breadth, in some places 
attaining a thickness of 250 feet at least. To what 
length it might have reached it is impossible to con- 
jiecturey as it is cut off, like the travertin of San 
Vignone, by a small stream, where it terminates 
.abruptly. The remainder of the matter held in solu. 
^Uon is carried on probably to the sea. 

• Spkeroidal sirttcture in travertin, — But what renders 
.this recent limestone of peculiar interest to the geO' 
' logist, is the spheroidal form which it assumes, analo- 
gous to diat of the cascade of Tivoli, afterwards to be 
described. The lamination of some of the concentric 
masses is so minute that sixty may be counted in the 
thickness of an inch, yet, notwithstanding these marks 
-of gradual and successive deposition, sections are 
. sometimes exhibited of what might seem to be perfect 
spheres. This tendency to a mammillary and globular 
structure arises from the facility with which the cal* 
. careous matter is precipitated in nearly equal quan- 
tities on all sides of any fragment of shell or wood, or 
any inequality of the surface over which the mineral 
water flows, the form of the nucleus being readily 
transmitted through any number of successive enve- 

VOL. I. p 
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lopes. But these masses can never be perfect spheres, 
although they often appear such when a transverse 
section is made in any line not in the direction of the 
point of attachment. There are, indeed, occasionally 
seen small oolitic and pisolitic grains, of which the 
form is globular ; for the nucleus, having been for a time 
in motion in the water, has receiveii fresh accessions of 
matter on all sides. 

In the same manner I have seen, on the vertical 
walls of large steam boilers, the heads of nails or 
rivets covered by a series of enveloping crusts of 
calcareous matter, usually sulphate of lime ; so that a 
concretionary nodule is formed, preserving a nearly 
globular shape, when increased to a mass several 
inches in diameter. In these, as in many travertiDi} 
there is oflen a combination of the concentric and 
radiated structure, and the last-mentioned character 
is one of those in which the English magnesian lime- 
stone agrees with the Italian travertins. 

Another point of resemblance between these rocks, 
in other respects so dissimilar, is the interference of 
one sphere with another, and the occasional occurrence 
of cavities and vacuities, constituting what has been 
called a honeycombed structure, and also the frequent 
interposition of loose incoherent matter, between dif- 
ferent solid spheroidal concretions. Yet, notwith- 
standing such points of analogy. Professor Sedgwick 
observes, that there are proofs of the concretionary 
arrangement in the magnesian limestone having taken 
place subsequently to original deposition, for in this 
case the spheroidal forms are often quite independent 
of the direction of the laminae.* 

* Geol. Trans. 2nd series, vol. iii. p. 37. I have lately seen 
some specimens of spheroidal magnesian limestone, collected bj 
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Sfdhami of VUerbo. — I must not attempt to describe 
all the places in Italy where the constant formation of 
limestone may be seen, as on the Siiaro, near Psstumy 
on the Velino at Temi, and near the Bulicami, or hot 
baths in the vicinity of Viterbo. About a mile and a 
half north of the latter town, in the midst of a sterile 
plain of Yolcanic sand and ashes, a monticule is seen, 
about twenty feet high and five hundred yards in cir- 
cumference, entirely composed of concretionary tra- 
vertin. The laminae are very thin, and their minute 
undulations so arranged, that the whole mass has at 
once a concentric and radiated structure. This rock 
has been largely quarried for lime, and much of it 
appears to have been removed. It has evidently been 
formed gradually, like tlie conical mounds of the gey- 
sers in Iceland, by a small jet or fountain of calcareous 
water, which overflowed from the summit of the mon- 
ticule. A spring of hot water still issues in the 
neighbourhood, which is conveyed to an open tank 
used as a bath, the bottom and sides of which, as well 
as the open conduit which conveys the water, are en- 
crusted with travertin. 



Professor Sedgwick, where the calcareous laminae are intersected 
at a high angle by the boundary line of the globule of which they 
form a part. In a former edition I stated, that on visiting 
Sunderland inmiediately after examining the travertins of Au- 
yergne and Sicily (the former of lacustrine, the latter of submarine 
origin), I recognized a striking degree of identity in the pre- 
vailing concretionary forms assumed by our magnesian limestone 
and those of the travertins with the appearance of which my eye 
was then familiar. I am still convinced that much light would be 
thrown on the mode of formation of both these rocks by a com- 
parison of the points in which they mutually agree with or 
differ from each other. 

F 2 
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Campagna di Roma. — The country around Rome, 
like many parts of the Tuscan States already referred 
tO) has been at some former period the site of numerous 
volcanic eruptions ; and the springs are still copiouslj 
impregnated with lime, carbonic acid, and sulphuretted 
hydrogen. A hot spring has lately been discovered 
near Civita Vecchia, by Signor RiccioH, which deposits 
alternate beds of a yellowish trayertin, and a white 
granular rock, not distinguishable, in hand specimens, 
either in grain, colour, or composition, from statuary 
marble. There is a passage between this and ordinaiy 
travertin. The mass accumulated near the spring is is 
some places about six feet thick. 

Lake of the SolfcUara, — In the Campagna, betweea 
Rome and Tivoli, is the lake of the Solfatara, calkd 
also Lago di Zolfo (lacus albula), into which flows con- 
tinually a stream of tepid water, from a smaller lake 
situated a few yards above it. The water is a saturatei 
solution of carbonic acid gas, which escapes from it in 
such quantities in some parts of its surface^ that it has 
the appearance of being actually in ebullition/ ^1 have 
found by experiment," says Sir Humphry Davy, "that 
the water taken from the most tranquil part of the 
lake, even after being agitated and exposed to the air, 
contained in solution more than its own volume of car- 
bonic acid gas, with a very small quantity of sulphu- 
retted hydrogen. Its high temperature, which is pretty 
constant at 80° of Fahr., and the quantity of carbonic 
acid that it contains, render it peculiarly fitted to afford 
nourishment to vegetable life. The banks of travertin 
are every where covered with reeds, lichen, confervs, 
and various kinds of aquatic vegetables ; and at the 
same time that the process of vegetable life is going 
on, the crystallizations of the calcareous matter, which 
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is every where deposited, in consequence of the escape 
of carbonic acid, likewise proceed, — There is, I believe, 
no place in the world where there is a more striking 
example of the opposition or contrast of the laws of 
animate and inanimate nature, of the forces of inorganic 
chemical affinity, and those of the powers of life/'* 

The same observer informs us, that he fixed a stick 
in a mass of travertin covered by the water in the 
month of May, and in April following he had some 
difficulty in breaking, with a sharp-pointed hammer, 
the mass which adhered to the stick, and which was 
several inches in thickness. The upper part was a 
mixture of light tufa and the leaves of confervas : below 
this was a darker and more solid travertin, containing 
black and decomposed masses of confervas ; in the in- 
ferior part the travertin was more solid, and of a grey 
colour, but with cavities probably produced by the 
decomposition of vegetable matter.f 

The stream which flows out uf this lake fills a canal 
about nine feet broad and four deep, and is conspicuous 
in the landscape by a line of vapour which rises from 
it* It deposits calcareous tu& in this channel, and the 
Tiber probably receives from it, as well as from nu- 
merous other streams, much carbonate of lime in solu- 
tion, which may contribute to the rapid growth of its 
delta. A large proportion of the most splendid edifices 
of ancient and modern Rome are built of travertin, 
derived firom the quarries of Ponte Leucano, where 
there has evidently been a lake at a remote period, on 
the same plain as that already described. But the 
consideration of these would carry us beyond the 

* Consolations in Travel, pp. 123 — 125. 
t Id. p. 127. 
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times of history, and I shall conclude with one ner 
example of the calcareous deposits of this ndgUtif 
hood, — those on the Anio. ! 

Travertin of Tivolu — The waters of the Ai 
incrust the reeds which grow on its banks, and 
foam of the cataract of Tivoli forms beautiful 
stalactites ; but, on the sides of the deep chasn 
which the cascade throws itself, there n sea 
extraordinary accumulation of horizontal beds of 
and travertin, from four to five hundred fe 
thickness. The section immediat^y under the 
of Vesta and the Sibyl, displays, in a precipice 
four hundred feet high, some spheroids which are 
six to eight feet in diameter^ each concentric lajer 
about the eighth of an inch in thickness. Thei 
diagram exhibits about fourteen feet of this i 
mass, as seen in the path cut out of the rock in 
ing from the temple of Vesta to the Grotto di 
I have not attempted to express in this dra 
innumerable thin layers of which these magst" 
spheroids are composed, but the lines given'-, 
some of the natural divisions into which tbei 
separated by minute variations in the size or cote 
the laminae. The undulations also are much smii* 
in proportion to the whole circumference, thank-- 
drawing. The beds a a are of hard travertin vs^^ 
tufa ; below them is a pisolite (6), the globules M 
of different sizes : underneath this appears a mjsj 
concretionary travertin (c c), some of the spl«J»| 
being of the above-mentioned extraordinary sia. ^ 
some places (as at d) there is a mass of amorpt' 
limestone, or tufa, surrounded by concentric W 
At the bottom is another bed of pisolite (b)y in ^ 
the small hodules are about the size and shape' 
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l>eans, and some of tliem of filberts, intermixed witli J 

some smaller oolitic grains. Id the tufaceous strata, J 

■rood is seen converted into a light tufa. 

The following seems the most probable esplaoatioa | 

Fig. 9. 




Steaon iifSplirT^iUal Omcrtllanarli Tratrrlin » 

f the origin of the rock in this singular position. 
Tie Anio flows through a deep irregular fissure or 



We may suppose a similar lake of great 
have existed at some remote period at Tv 
that, into this, the waters, charged with carfc 
lime, fell from a height inferior to that of the 
cascade. Having, in their passage through tl 
lakes, parted with their sand, pebbles, ani 
sediment, they only introduced into this lo^ 
drifl-wood, leaves, and other buoyant substai 

I seasons when the water was low, a deposit of 

' tufa, or of travertin, formed along the botton 

4 other times, when the torrent was swollen, 

I ' ' must have heen greatly agitated, and eve 

particle of carhonate of lime which was pre 
must have been whirled round again and 
various eddies, until it acquired many concent 

• ' , ■ so as to resemble oolitic grains. If the violet 

motion be sufficient to cause the globule tc 
pended for a sufficient length of time, it wc 
to the size of a pea, or much larger. Small f 
of vegetable stems being incrusted on the 8i( 
V \ stream, and then washed in, would form thi 

fof oval globules, and others of irregular shai 
be produced by the resting of fragments for j 
the bottom of the basin, where, after acquirh 
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tatioD, and thus growing on all sides, with the exception 
of the point of contact, might at length form spheroids 
nearly perfect and many feet in diameter. Masses 
might increase above and below, so that a vertical 
section might afterwards present the phenomenon so 
common ait Tivoli, where the nucleus of some of the 
concentric circles has the appearance of having been 
suspended, without support, in the water, until it 
became a spheroidal mass of great dimensions. 

It is probable that the date of the greater portion 
of this calcareous formation may be anterior to the 
era of history, for we know that there was a great 
cascade at Tivoli in very ancient times; but, in the 
upper part of the travertin, is shown the hollow left 
by a wheel, in which the outer circle and the spokes 
have been decomposed, and the spaces which they 
filled have been left void. It seems impossible to 
explain the position of this mould, without supposing 
that the wheel was imbedded before the lake was 
drained. 

Calcareous springs in the Caucasus, — Pallas, in his 
journey along the Caucasus, a country now subject, 
from time to time, to be rent and fissured by violent 
earthquakes, enumerates a great many hot springs, 
which have deposited monticules of travertin precisely 
analogous in composition and structure to those of 
the baths of San Filippo and other localities in Italy. 
When speaking of the tophus-stone, as he terms these 
limestones, he often observes that it is snow-white^ a 
description which is very applicable to the newer part 
of the deposit at San Filippo, where it has not become 
darkened by weathering. In many localities in the 
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spring.* 

It is probable that the zoophytic and shi 
stones, which constitute the coral reefs of tl 
and Pacific Oceans, are supplied with carl 
lime and other mineral ingredients from si 
springs, and that their heat, as well as the 
and gaseous contents, may promote the dev 
of corals, sponges, and testacea, just as vegi 
quickened by similar causes in the lake of the 
before described. But of these reefs and t 
babic origin I shall again have occasion to 
li the third book. 

I ■' Sulphureous and gypseous springs. — The qi 

{ other mineral ingredients wherewith springs i 

} ' .' ■ ■ are impregnated, is insignificant in compariso 

i '/'■■■ and this earth is most frequently combined 

bonic acid. But, as sulphuric acid and sulf 
hydrogen are very frequently supplied by 
gypsum may, perhaps, be deposited largely i 
seas and lakes. The gypseous precipitates, 
hitherto known on the land, appear to be coni 
very few springs. Those at Baden, near Vieni 
feed the public bath, may be cited as examples 
of these supplv, singlv, from 600 to lOOO rnh 
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of a mixture of sulphate of lime, with sulphur and 
muriate of lime.* 

Siliceous springs, — Azores, — In order that water 
should hold a very large quantity of silica in solution, 
it seems necessary that it should be raised to a high 
temperature f ; and as it may retain a greater heat 
under the pressure of the sea than in the atmosphere, 
submarine springs may, perhaps, be more charged 
with silex than any to which we have access. The 
hot springs of the Valle das Furnas, in the Island 
of St. Michael^ rising through volcanic rocks, preci- 
pitate vast quantities of siliceous sinter, as it is usually 
termed. Around the circular basin of the largest 
spring, called " the Caldeira," which is between 
twenty and thirty feet in diameter, alternate layers 
are seen of a coarser variety of sinter mixed with 
clay, including grass, ferns, and reeds, in different 
states of petrifaction. Wherever the water has flowed, 
sinter is found rising in some places eight or ten inches 
above the ordinary level of the stream. The herbage 
and leaves, more or less incrusted with silex, are said 
to exhibit all the successive steps of petrifaction, from 
the soft state to a complete conversion into stone ; but 
in some instances, alumina, which is likewise deposited 
from the hot waters, is the mineralizing material. 
Branches of the same ferns which now flourish in the 
island are found completely petrified, preserving the 
same appearance as when vegetating, except that they 
acquire an ash-gray colour. Fragments of wood, and 
one entire bed from three to five feet in depth, com- 



* C. Prevost, £8sai sur la Constitution Physique du Bassin de 
Vienne, p. 10. 
f Daubenj on Volcanos, p. 222. 

F 6 



) 



the most part horizontal, strata many yards 
This sinter has often a beautiful semi-opalesi 
One of the varieties differs from that of I 
Ischia in the larger proportion of water ii 
and in the absence of alumina and lime, 
breccia is also in the act of forming, compost 
dian, pumice, and scoriae, cemented by silicec 
Geysers of Iceland, — But the hot springs 
parts of Iceland, particularly the celebrate 
afford the most remarkable example of the 
of silex.f The circular reservoirs into 
geysers fall, are filled in the middle with a 
opal, and round the edges with sinter. 1 
incrusted with the latter substance have 
same appearance as those incrusted with 
\ tufa in our own country. 

^ In some of the thermal waters of Iceland ; 

rock is formed, containing portions of vegeti 
or less completely silicified ; and amongst 

^ I ducts of springs in this island, is that adi 

^ - i clay and silica, called tripoli. 

' . , By analysis of the water, Mr. Faradav 
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place partly because the water when cooled by ex- 
posure to the air is unable to retain as much silica 
as when it issues from the earth at a temperature 
of 180° or 190° Fahr. ; and partly because the evapo- 
ration of the water decomposes the compound of silica 
and soda which previously existed. This last change 
is probably hastened by the carbonic acid of the atmo- 
sphere imiting with the soda. The alkali, when dis- 
united from the silica, would readily be dissolved in and 
removed by running water.* 

Ischia. — It has been found, by recent analysis, that 
several of the thermal waters of Ischia are impregnated 
with a certain proportion of silica. Some of the hot 
vapours of that island are above the temperature of 
boiling water: and many fissures, near Monte Vico, 
through which the hot steam passes, are coated with 
a siliceous incrustation, first noticed by Dr. Thompson 
under the name of fiorite. 

Ava, Sfc. — It has been oflen stated that the Danube 
has converted the external part of the piles of Trajan's 
bridge into silex ; the Irawadi, in Ava, has been sup- 
posed, ever since the time of the Jesuit Padre Duchatz, 
to have the same petrifying power, as also Lough 
Neagh, in Ireland. Modern researches, however, in 
the Burman empire, have thrown doubt upon the 
lapidifying property of the Ava river f; there is cer- 
tainly no foundation for the story in regard to Lough 
Neagh, and probably none in regard to the Danube. 

Mineral waters, even when charged with a small 
proportion of silica, as those of Ischia, may supply 
certain species of corals and sponges with matter for 



• Barrow's Iceland, p. 209. 
f Dr. Buckland, Geol. Trans., second 
p. 384. 
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their Biliceous secretions ; but when in a ydm 
archipelago, or a region of submarine volcanos, theB t 
are springs so saturated with silica as those of IcM 
or the Azores, we may expect layers and noduksrf 
silex and chert to he spread out far and wide on 
the bed of the sea, and interstratified with shelljsl 
calcareous deposits, which may be forming thererf 
with matter derived from wasting clifis or volctf 
ejections. 

Ferruginous springs. — The waters of almost i 
springs contain some iron in solution ; and it isifie 
familiar to all, that many of them are so co^, 
impregnated with this metal, as to stain the rocb 
herbage through which they pass, and to bind 
sand and gravel into solid masses. We maynat 
then, conclude that this iron, which is constantly 
veyed from the interior of the earth into lakes and 
and which does not escape again from them into 
atmosphere by evaporation, must act as a coloun! 
and cementing principle in the subaqueous depose 
now in progress. It will be afterwards seen that mC; 
sandstones and other rocks in the sedimentary strata^; 
ancient lakes and seas are bound together or coionrei 
by iron, and this fact presents us with a striking ^ 
of analogy between the state of things at very differed 
epochs. In those older formations we meet with grtf 
abundance of carbonate and sulphate of iron; andc 
chalybeate waters at present, this metal is most fi«" 
quently in the state of a carbonate, as in those of To^ 
bridge, for example. Sulphuric acid, however, is oiiei 
the solvent, which is in many cases derived from dK 
decomposition of pyrites. 

JBrifie springs. — Cheshire. — So great is the quan- 
tity of muriate of soda in some springs, that theyyieU 






C11.U13 BRINE SPRINOS. 32? 

one fourth of their weight in salt. They are rarely, 
however, so saturated^ and generally contain, inter- 
mixed with salt, carbonate and sulphate of lime, mag- 
nesia, and other mineral ingredients. The brine springs 
of Cheshire are the richest in our country ; those of 
Barton and Northwich being almost fully saturated. 
These brine springs rise up tlirough strata of sandstone 
and red marl, which contain large beds of rock salt* 
The origin of the brine, therefore, may be derived in 
this and many other instances from beds of fossil 
salt ; but as muriate of soda is one of the products of 
volcanic emanations and of springs in volcanic regions, 
the original source of salt may be as deep seated as 
that of lava. 

Dead Sea. — The waters of the Dead Sea contain 
scarcely any thing except muriatic salts, which lends 
countenance, observes Dr. Daubeny, to the volcanic 
origin of the surrounding country, these salts being 
frequent products of volcanic eruptions. Many springs 
in Sicily contain muriate of soda, and the " fiume 
salso,*' in particular, is impregnated with so large a 
quantity, that cattle refuse to drink of it. 

Auvergne. — A hot spring, rising through granite, at 
Saint Nectaire, in Auvergne, may be mentioned as one 
of many, containing a large proportion of muriate of 
soda, together with magnesia and other ingredients.* 

Carbonated springs, — Auvergne. — Carbonic acid 
gas is very plentifully disengaged from springs in 
almost all countries, but particularly near active or 
extinct volcanos. This elastic fluid has the property 
of decomposing many of the hardest rocks with whidi 
it comes in contact, particularly that numerous class 

* Annalei de 1' Auvergne, tome i. p. 234. 
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in whose composition felspar is an ingredient 1 1 
renders the oxide of iron soluble in water, and »: 
tributes, as was before stated, to the solution ofab| 
reous matter. In volcanic districts these gM 
emanations are not confined to springs, but rise if i 
the state of pure gas from the soil in various pfan 
The Grotto del Cane, near Naples, affords anexaafe 
and prodigious quantities are now anauallj diseoglp 
from every part of the Limag^e d'Auvergne, wtei 
appears to have been developed in equal quantitjfc} 
time immemorial. As the acid is invisible, it i^ 
observed, except an excavation be made, wherdi^ 
immediately accumulates, so that it will ex 
candle. There are some springs in this district, 
the water is seen bubbling and boilin<r up with 
noise, in consequence of the abundant disen 
of this gas. The whole vegetation is affected, | 
many trees, such as the walnut, flourish more If 
riantly than they would otherwise do in the samei 
and climate — the leaves probably absorbing carb- 
acid. This gas is found in springs rising throi^'- 
granite near Clermont, as well as in the- tertiary 1^ 
stones of the Limagne.* In the environs of Fi 
Gibaud, not far from Clermont, a rock beloDgin: 
the gneiss formation, in which lead-mines are wort^ 
has been found to be quite saturated with carbonici^ 
gas, which is constantly disengaged. The carbooJS 
of iron, lime, and manganese are so dissolved, thatc^ 
rock is rendered soft, and the quartz alone rem** 
unattacked.f Not far off is the small volcanic cooe^ 
Chaluzet, which once broke up through the gneiss, s^ 
sent forth a lava-stream. 

* Le Coq, Annales de TAuvergne, tome i. p. 217. Mty,Ie* 
f Ann, Scient. de TAuvergne, tome ii. June 1889. 
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Disintegration of granite. — The disintegration of 
granite is a striking feature of large districts in 
Auvergne, especially in the neighbourhood of Cler- 
mont. This decay was called by Dolomieu, << la 
maladie du granite;" and the rock may with propriety 
be said to have the rot, for it crumbles to pieces in the 
hand. The phenomenon may, without doubt, be as- 
cribed to the continual disengagement of carbonic acid 
gas from numerous fissures. 

In the plains of the Po> between Verona and Parma, 
especially at Villa Franca, south of Mantua, I observed 
great beds of alluvium, consisting chiefly of primary 
pebbles, percolated by spring water, charged with car- 
bonate of lime and carbonic acid in great abundance. 
They are for the most part incrusted with calc- sinter: 
and the rounded blocks of gneiss, which have all the 
outward appearance of solidity, have been so disin- 
tegrated by the carbonic acid as readily to fall to pieces. 

The subtraction of many of the elements of rocks 
by the solvent power of carbonic acid, ascending both 
in a gaseous state and mixed with spring-water in the 
crevices of rocks, must be one of the most powerful 
sources of those internal changes and re-arrangements 
of particles so often observed in strata of every age. 
The calcareous matter, for example, of shells is often 
entirely removed and replaced by carbonate of iron, 
pyrites, silex, or some other ingredient, such as 
mineral waters usually contain in solution. It rarely 
happens, except in limestone rocks, that the carbonic 
acid can dissolve all the constituent parts of the mass ; 
and for this reason, probably, calcareous rocks are 
almost the only ones in which great caverns and long 
winding passages are found. 

Petroleum springs, — Springs impregnated with pe- 
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troleum, and the various minerals allied to it, aibb 
men, naphtha, asphaltum, and pitch, are very nn» 
0U8, and are, in many cases, undoubtedly cmmedn 
with subterranean fires, which raise or sublime di 
more subtle parts of the bitunn incus mattavcoottitf 
in rocks. Many springs in the territory of Ms^ 
and Parma, in Italy, produce petroleum in abandar 
but the most powerful, perhaps, yet known, are thf 
on the Irawadi, in the Burman empire. In ooe* 
cality there are said to be 520 wells, which yields 
ally 400,000 hogsheads of petroleum> 

Fluid bitumen is seen to ooze from the bottoi 
the sea, on both sides of the island of Triniddi 
to rise up to the sur&ce 6f the water. Near Oft 
Braye there is a vortex which, in stormy 
according to Captain Mallet, gushes out, rainK 
water five or six feet, and covers the sur&ce £at i 
siderable space with petroleum, or tar ; and the 
author quotes Gumilla, as stating iu his *' De 
of the Orinoco," that, about seventy years ago,i^ 
of land on the western coast of Trinidad, near ^ 
way between the capital and an Indian village, i^ 
suddenly^ and was immediately replaced by a se^ 
lake of pitch, to the great terror of the inhabitant^' 

Pitch lake of Trinidad. — It is probable tiMt** 
great pitch lake of Trinidad owes its origm ^' 
similar cause ; and Dr. Nugent has justly remaib^ 
that in that district all die circumstances are ^■ 
combined from which deposits of pitch may ^■ 
originated. The Orinoco has for ages been roUt 
down great quantities of woody and vegetable bo^ 

• Symcs, Embassy to Ava, vol. ii. — Geol. Trans., sec* 
series, vol. ii. part iii. p. 888. 

t Dr. Nugent, GeoL Trans, vol. i. p. 69. 
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into the surrounding sea, where, by the influence of 
currents and eddies, they may be arrested and accu- 
mulated in particular places. The frequent occurrence 
of earthquakes and other indications of volcanic action 
in those parts lends countenance to the opinion, that 
these vegetable substances may have undergone, by 
the agency of subterranean fire, those transformations 
and chemical changes which produce petroleum, and 
this may, by the same causes, be forced up to the 
surface, where, by exposure to the air, it becomes 
inspissated, and forms the different varieties of pure 
and earthy pitch, or asphaltum, so abundant in the 
island.* 

The bituminous shales, so common in geological 
formations of different ages, as also many stratified 
deposits of bitumen and pitch, seem clearly to attest 
that, at former periods, springs, in various parts of the 
world, were as commonly impregnated as now with 
bituminous matter, carried down, probably, by rivers 
into lakes and seas. It will, indeed, be easy to show, 
that a large portion of the finer particles and the 
more crystalline substances found in sedimentary rocks 
of different ages are composed of the same elements 
as are now held in solution by springs, while the 
coarser materials bear an equally strong resemblance 
to the alluvial matter in the beds of existing torrents 
and rivers. 

* Dr. Nugent, Geol. Trans. toL i. p. 67. 
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CHAPTER IV. 

BBPRODUOTITB ErPECTS OP BUNKIHO WATER. 

BtproducUve effects of running water — Division of Deltas into 
lacustrine, mediterranean, and oceanic — Liake deltas — Growth 
of the delta of the Upper Rhone in the Lake of Geneva— 
Chronological computations of the age of deltas — Recent 
deposits in Lake Superior (p. 338.) — Deltas of inland seas— 
Rapid shallowing of the Baltic — Marine delta of the Rboic 
(p. 341.) — Various proofs of its increase — Stony nature of id 
deposits — Delta of the Po, Adige, Isoozo, and other riicn 
entering the Adriatic — Rapid conversion of that g^lt into Isnd 
— Mineral characters of the new deposits — Delta of the Nik 
(p. 349.) — Its increase since the time of Homer — — Its growth 
whj checked at present. 

Having considered the destroying and transporting 
agency of running water, we have now to examine the 
reproductive effects of the same cause. The aggre- 
gate amount of deposits accumulated in a ^ven time 
at the mouths of rivers, where they enter a lake or 
sea, affords clearer data for estimating the energy of 
the excavating power of running water on the land, 
than the separate study of the operations of the same 
cause in the countless ramifications into which every 
great system of valleys is divided. I shall therefore 
proceed to select some of the leading facts at present 
ascertained respecting the growth of deltas, and shall 
then offer some general observations on the quantity 
of sediment transported by rivers, and the manner of 
its distribution beneath the waters of lakes and seas. 
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Division of deltas into lacustrine^ mediterranean, and 
oceanic. — Deltas may be divided into, first, those 
which are formed in lakes ; secondly, those in inland 
seas ; and thirdly, those on the borders of the ocean. 
The most characteristic distinction between the lacus- 
trine and marine deltas consists in the nature of the 
organic remains which become imbedded in their 
deposits ; for, in the case of a lake, it is obvious that 
these must consist exclusively of such genera of 
animals as inhabit the land or the waters of a river or 
lake ; whereas, in the other case, there will be an ad- 
mixture and most frequently a predominance of animals 
which inhabit salt water. In regard, however, to the 
distribution of inorganic matter, the deposits of lakes 
and inland seas are formed under very analogous cir- 
cumstances, and may be distinguished from those on 
the shores of the great ocean, where the tides co- 
operating with currents give rise to another class of 
phenomena. In lakes and inland seas, even of the 
largest dimensions, the tides are almost insensible, but 
the currents, as will afterwards appear, sometimes run 
with considerable velocity. 



DELTAS IN LAKES. 

Lake of Geneva. — It is natural to begin our examin- 
ation with an inquiry into the new deposits in lakes, 
as they exemplify the first reproductive operations in 
which rivers are engaged when they convey the de- 
tritus of rocks and the ingredients of mineral springs 
from mountainous regions. The accession of new land 
at the mouth of the Rhone, at the upper end of the 
Lake of Geneva, or the Leman Lake, presents us with 
an example of a considerable thickness of strata which 
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hftfe accumulated since the hUtorical era. This sheet 
of water is about thirty-seven miles long, and its breadth 
is from two to eight miles. The shape of the bottom 
is very irregular, the depth having been found, by late 
measurements, to vary from 20 to 160 fathoms.* The 
Rhone, where it enters at the upper end, is turbid and 
discoloured ; but its waters, where it issues at the town 
of Geneva, are beautifully clear and transparent. An 
ancient town, called Port Vallais, (Portus Valesi» <ji 
the Romans,) once situated at the water's edge, at the 
upper end, is now more than a mile and a half inland 
— this intervening alluvial tract having been acquired 
in about eight centuries. The remainder of the delta 
consists of a flat alluvial plain, about ^ve or six miles 
in length, composed of sand and mud, a little raised 
above the level of the river, and full of marshes. 

Mr. De la Beche found, after numerous soundings 
in all parts of the lake, that there was a pretty uniform 
depth of from 120 to 160 fathoms throughout the cen- 
tral region, and, on approaching the delta, the shal- 
lowing of the bottom began to be very sensible at a 
distance of about a mile and three quarters from the 
mouth of the Rhone ; for a line drawn from St. Gin- 
goulph to Vevey, gives a mean depth of somewhat less 
than six hundred feet, and from that part to the Rhone, 
the fluviatile mud is always found along the bottom.f 
We may state, therefore, that the strata annually pro- 
duced are about two miles in length : so that, notwith- 
standing the great depth of the lake, the new deposits 
are not inclined at a high angle ; the dip of the beds, 
indeed, is so slight^that they would be termed, in ordi- 
nary geological language, horizontal. 

* De la Beche, £d. Phil. Journ. toL ii. p. 107. Jan. 182a 
t De la Beche, MS. 
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The strata probably consist of alternations of finer 
and coarser particles; for, during the hotter months 
from April to August, when the snows melt, the volume 
and velocity of the river are greatest, and large quan- 
tities of sand, mud, vegetable matter, and drift-wood 
are introduced ; but, during the rest of the year, the 
influx is comparatively feeble, so much so, that the 
whole lake, according to Saussure, stands six feet 
lower. If, then, we could obtain a section of the ac- 
cumulation formed in the last eight centuries, we 
should see a great series of strata, probably from 600 
to 900 feet thick, and nearly two miles in length, in- 
clined at a very slight angle. In the mean time, a 
great number of smaller deltas are growing around the 
borders of the lake, at the mouths of rapid torrents, 
which pour in large masses of sand and pebbles. The 
body of water in these torrents is too small to enable 
them to spread out the transported matter over so ex- 
tensive an area as the Rhone does. Thus, for example, 
there is a depth of eighty fathoms within half a mile 
of the shore, immediately opposite the great torrent 
which enters east of Ripaille, so that the dip of the 
strata in that minor delta must be about four times as 
great as those deposited by the main river at the upper 
extremity of the lake.* 

Chr<mological computations of the age of deltas. — The 
capacity of this basin being now ascertained, it would 
be an interesting subject of inquiry, to determine in 
what number of years the Leman Lake will be con- 
verted into dry land. It would not be very di£Bcult to 
obtain the elements for such a calculation, so as to 
approximate at least to the quantity of time required 

• De la Beche, MS. 
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for the accomplishment of the reault. The radM 
cubic feet of water annually disGliaiged bf the rii 
into the lake being estimated, escperimeofi ^a§A 
made in the winter and summer inontli% todetorii 
the proportion of matter held in suqieiitidn orisfb 
mical solution by the Rhone. It would be nJioMV 
saiy to allow for the heayier matter drifted alosfi 
bottom, which might be estimated on hi 
principles, when the average aise of the gimii 
volume and velocity of the stream at difiMrifi 
were known. Supposing aD thesie bbaefttUMii \ 
been made, it would be more eaajrto 
ture than the former progress dF dkie ddhli»' 
would be a laborious task to aadMsiiii, HM 
gree of precision, the original depth and 
part of the lake which iff already filled up. Slofi 
information were actually obtainied by borings^' 
only enable us to approxtmate within a certam 
of centuries to the time when the Rhone bMu 
its present delta ; but this would not give us tk' 
of the origin of the Leman Lake in its preseitl 
because the river may have flowed into it for i 
of years, without importing any sediment 
Such would have been the case, if the wateis W 
passed through a chain of upper lakes ; and M' 
was actually the fact, is indicated by the conned 
Rhone between Martigny and the Liake <^( 
still more decidedly, by the channels of msif '1 
principal feeders. 

If we ascend, for example, the valley throi]^ 
the Dranse flows, we find that it consists of ai 
of basins, one above the other, in each of wldcli' 
is a wide expanse of flat alluvial lands, sepanto'^ 
the next basm by a rocky gorge^ once eridea^' 
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barrier of a lake. The river has filled these lakes, one 
afler the other, and has partially cut through the bar- 
riers, which it is still gradually eroding to a greater 
depth. The examination of almost all valleys in moim- 
tainous districts affords similar proofs of the obliter- 
ation of a series of lakes, by the filling up of hollows 
and the cutting through of rocky barriers-^ a prpcess 
by which running water ever labours to produce a 
more uniform declivity. Before, therefore, we can 
pretend even to hazard a conjecture as to the era at 
which any particular delta commenced, we must be 
thoroughly acquainted with the geographical features 
and geological history of the whole system of higher 
valleys which communicate with the main stream, and 
all the changes which they have undergone since the 
last series of convulsions which agitated and altered 
the face of the country. 

The probability, therefore, of error in our chrono- 
logical computations where we omit to pay due atten- 
tion to these circumstances, increases in proportion to 
the time that may have elapsed since the last disturb- 
ance of the country by subterranean movements, and 
in proportion to the extent of the hydrographical basin 
on which we may happen to speculate. The Alpine 
rivers of Vallais are prevented at present firom contri- 
buting their sedimentary contingent to the lower delta 
of the Rhone in the Mediterranean, because they are 
intercepted by the Leman Lake ; but when this is filled, 
they will transport as much, or nearly as much, matter 
to the sea, as they now pour into that lake. They will 
then, flow through a long, flat, alluvial plain, between 
Villeneuve and Geneva, from two to eight miles in 
breadth, which will present no superficial marks of the 
existence of a thickness of more than one tWasAsA 

VOL. J. a 
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feet of recent sediment below. Many Imndred alliii - 
tracts of equal, and some of much gpreater are% wnj ■ 
be seen if we follow up tbe Rhone from Hs terminitisl 
in the Mediterraneaoy or explore the valleys of Hfj 
of its principal tributarieftp 

What, then, shall we think of the preaumptioDQfOil 
LuCy Kirwan, and their followers,, who confidentlji 
duced from the phenomena of modem deltas the: 
origin of the present ibrm of ouv continents, wit 
pretending to have collected any one of the ni 
data by which so complicated a problem can be 
Had they» after making all the necessary investii 
succeeded in proving, as they desired, that the 
delta of the Rhone, and the new deposits at 
mouths of several other rivers, whether in lakes ori 
had required about fouc thousand years to attain 
present dimensions, the conclusion would have i 
fatal to the chronological theories which they 
anxious to confirm. 

Zjoks Superior. — Lake Superior is the largest 
o£ fresh water in the world, being about 1500 geni 
phical miles in circumference when we fdlowi 
sinuosities of its coasts, and its length, on a cp 
line drawn through its centre, being about 360^ 
its extreme breadth 140 geographical miles. Ixsij 
vage depth varies from 80 to 150 fathoms ; but,) 
cording to Captain Bayfield, there is reason to 
that its greatest depth would not.be overrated at| 
hundred fathoms **,. so that its^bottom is» in some 
nearly six hundred &et below the level of the Atl 
its surface about as much above.it. There are 
ances in differenl) parts of this, as of the other Ci 

^Ttanv. of Litt and fGgii Soa gi Qatbeo,, vcd. u.^i 5. 
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leading us to infer that its waters fonnerly occh- 
y much higher level than they reoch at present; 
a cOHsitlerable (listance from the present shores, 
;I hnex of rolled stones and shells are seen rising 
bovc the other, like the seats of an atnphi- 
e. These ancient lines of shingle are exactly 
: to the present beaches in most bays, and tliey 
jttain an elevation of forty or 6fty feet above the 
It level. 

the heaviest gales of wind do not raise the waters 

than three or four feet*, the elevated beaches 

;ithcr be referred to the subsidence of the lake 

ner periods, in conse<]uence of the wearing down 

barrier, or to the upraising of the shorea by 

uakes, like those which have produced Bimilar 

mena on the co»st of Chili. The streams which 

rge their waters into Lake Superior are several 

;d in number, without reckoning those of smaller 

uid the quantity of water supplied by them is 

tiines greater than that discharged at the Falls 

Mary, the only outlet. The evaporation, there- 

i very great, and such as might be expected 

1st an extent of surface, 

northern side, which is encircled by primary 

I, the rivers sweep in many large boulderE 

mailer gravel and sand, chiefly composed of 

and trap rocks. There are also currents in 

, In various directions, caused by the continued 

■in Bajrfictd remarks, (list Dr. Bigsby. to H-fiom we are 
Tor MTCTs) conimBniniltnn* mpcclil^ the gmlc^j of th> 
n likev, wM misinfiimMd b; the fur Inden in ngnd M 
lenliDHry lisight (tweiny or tbirtjr fnt) to which be ■iiwi li 
irnnl Kil« will rai» Ibe witer of Lake Superior. — 
tf hit. and Him. fin>. of Qucb«a, tok i. p. 7. 199A 
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prevalence of strong winds, and to their influence we 
may attribute the diffusion of finer mud far and wide 
over great areas ; for, by numerous soundings made 
during the late survey, it was ascertained that the 
bottom consists generally of a very adhesive day, cod- 
taining shells of the species at present existing in the 
lake. When exposed to the air, this clay immedi- 
ately becomes indurated in so great a degree, as to ce- 
quire a smart blow to break it. It effervesces slightlf 
with diluted nitric acid, and is of different colours s 
different parts of the lake ; in one district blue,* in an- 
other red, and in a third white, hardenii^ into ani- 
stance resembling pipe-clay.* From these statemesbk 
the geologist will not fail to remark how closely thae 
recent lacustrine formations in America resemble tk I 
tertiary argillaceous and calcareous marls of lacustnK 
origin in Central France. In both cases, many of tfaej 
genera of shells most abundant, as Lymnea and 
orbis, are the same ; and in regard to other classes, 
organic remains, there roust be the closest analogjfi 
I shall endeavour more fully to explain when sp^Jd^l 
of the imbedding of plants and animals in recent ()^| 
posits. 

DELTAS OF INLAND SEAS. 



Baltic. — Having thus briefly considered some 
the lacustrine deltas now in progress, we may 
turn our attention to those of inland seas. 

The shallowing and conversion into land of 
parts of the Baltic, especially the Gulfs of Bothnia! 
Finland, have been demonstrated by a series of i 
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- rale observations, for whicli we are in a great measure 
^Indebted to the animated^ controversy which has been 
^bept up, since the middle of the last century, 
^ng the gradual lowering of the level of the BaUt&^ 
J Bhall revert to this subject when treating of the sloW" 
and insensible upheaving of the land in certain parts of 
Sweden, a movement which produces an apparent fall 
the level of the waters, both of the Baltic and the 
', is only necessary to state in this place, that 
'Mpid gain of low tracts of land near Torneo, Pitea 
Lulea, near the head of the Gulf of Bothnia, are 
I'e to the joint operation of two causes — the influx 
'of sediment from numerous rivers, and a slow and 
general upward movement of the land itself, and bed 
of the sea, at the rate of several feet in a century. 

Delta of tJte Rhone, — We may now turn our at- 
t«Dtion to some of the principal deltas of the Mediter- 
ranean, for no other inland sea alfords so maoy examples 
"^of accessions of newlandsat the mouths of rivers within 
'"She records of authentic history. The lacustrine delta 
'"^of the Rhone in Switzerland has already been con- 
^Bidered, and its contemporaneous marine delta may now 
t'be described. Scarcely has the river passed out of 
the Lake of Geneva, before its pure waters are again 
filled with sand and sediment by the impetuous Arve, 
descending from the highest Alps, and bearing along 
'^'ut its current the granitic detritus annually brought 
down by the glaciers of Mont Blanc. The Rhone 
''afterwards receives vast contributions of transported 

If * Since writing the roraier edition, I lime lisiti'd Sweden, and 
yronoved ihe doubt* which I brfore enterctuned and eiyreised re. 

K~' ig the alleged gradual elevation o( (he Und in Scandinaila. 
Book iL chip. iTii. 
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matter from the Alps of Dauphiny, and the priv^ 
and volcanic mountains of Central France; andib, 
at length it enters the Mediterranean, it diioeli0| 
the blue waters of that sea with a whitish sedinatl 
for the distance of between six and seven 
throughout which space the current of fresh v«| 
is perceptible. 

Proofs of its increase since hisiariecU periods.-^^X 

description of the delta is so inapplicable to itspraef 

configuration, as to attest a complete alteratiooini 

physical features of the country since the AngBC 

age. It appears, however, that the head of the ^ 

or the point at which it begins to ramify, has wm^ 

unaltered since the time of Pliny, for he stataif 

the Rhone divided itself at Aries into two armii ti 

is the case at present; one of the branches beingiv 

called Le Petit Rh6ne, which is again subdivided^ 

fore entering the Mediterranean. The advance o$ 

base of the delta, in the last eighteen centurie 

demonstrated by many curious antiquarian m^ 

ments. The most striking of these is the great d((* 

made by the old Roman road from U^^ernuB- 

Beziers (part of the high road between Aix, J?* 

SexHce, and Nismes, Nemausus). It is dearth 

when this was first constructed, it was impo^ 

to pass in a direct line as now, across the dela<^ 

that either the sea or marshes intervened in a c^ 

now consisting of terra firma.* Astruc also ren«*= 

that all the places on low lands, lying to the oortD) 

the old Roman road between Nismes and Be2ie> 

have names of Celtic origin, evidently given to i^- 

by the first inhabitants of the country; whereas, t- 

• Mem. d' Astruc, cited by Von Hoflf, vol. i. p. 228. 
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places lying south of that road, towards the sea, have 
Qames of Latin derivation, and were clearly founded 
afler the Roman language had been introduced. 

Another proof, also, of the great extent of land 
which has come into existence since the Romans con^ 
quered and colonized Gaul, is derived from the fact, 
that the Roman writers never mention the thermal 
waters of Balaruc in the delta, although they were weU 
acquainted with those of Aix, and others still more 
distant, and attached great importance to them, as 
they invariably did to all hot springs. The waters of 
Balaruc, therefore, must have A>rmerly issued imder 
the sea — a common phenomenon <m the borders of the 
Mediterranean ; and on the advance of the delta they 
c<mtinued to flow out through the new deposits. 

Among the more direct proofs of the increase of land, 
we find that Mese, described under the appellation of 
Mesua Collis by Pomponius Mela*, and stated by him 
to be nearly an island, is now far inland, Notre Dame 
des Ports, also, was a harbour in 898, but b now a 
league from the shore. Psalmodi was an island in 
815, and is now two leagues from the sea. Several 
old lines of towers and sea-marks occur at different 
distances from the present coast, all indicating the 
successive retreat of the sea, for each line has in its 
turn become useless to mariners ; which may well be 
conceived, when we state that the tower of Tignaux, 
erected on the shore so late as the year 1737> is 
already a French mile remote from it.f 

By the confluence of the Rhone and the currents of 

• Lib. TL c. ▼. 

f Bonehe, Chorographte et Hist de Provencd, vol. i. p. 38., 
tHei by Hoii; v^L i. p. 39a 
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the Mediterranean, driven by urinds from the sooA . 
sand-bars are oflen formed across the mouths of tlie 
river : by these means considerable spaces beosM f 
divided off from the sea, and subsequently from k 
river also, when it shifts its channels of efflux* ii 
some of these lagoons are subject to the occasiai^ 
ingress of the river when flooded, and of the « 
during storms, they are alternately salt and fiei| 
Others, after being filled with salt water^ are diB I 
lowered by evaporation till they become moreflk' 
than the sea; and it has happened, occasiooally, d«i 
a considerable precipitate of muriate of soda has tib: 
place in these natural salterns. During the latter pc, 
of Napoleon's career, when the excise laws were » 
forced with extreme rigour, the police was empknv 
to prevent such salt from being used. The fluTii^ 
and marine shells enclosed in these small lakes ofr 
live together in brackish water ; but the uncoDgei^ 
nature of the fluid usually produces a dwarfish sst 
and sometimes gives rise to strange varieties in fbr^ 
and colour. 

Captain Smyth, in the late survey of the coast* 
the Mediterranean, found the sea, opposite the moatk 
of the Rhone, to deepen gradually from four to fbrn 
fathoms, within a distance of six or seven miles, oft^ 
whicli the discoloured fresh water extends ; so ^ 
the inclination of the new deposits must be toosli^^ 
to be appreciable in such an extent of section as i 
geologist usually obtains in examining ancient fons- 
ations. When the wind blew from tlie south-west, the 
ships employed in the survey were obliged to quit 
their moorings ; and when they returned, the ne» 
sand- banks in the delta were found covered over with 
a great abundance of marine shells. By this meani* 
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we learn how occasional beds of drifted marine shells 
may become interstratified with firesh-water strata at 
a river's mouth. 

Stan^ nature of Us deposits — That a great propor- 
tion, at least, of the new deposit in the delta of the 
Rhone, consists of rocky and not of loose incoherent 
matter, is perfectly ascertained. In the Museum at 
Montpellier is a cannon taken up. from the sea near 
the mouth of the river, imbedded in a crystalline cal- 
careous rock. Large masses, also, are continually takeh 
up of an arenaceous rock, cemented by calcareous 
matter, including multitudes of broken shells of recent 
species. The observations lately made on this subject 
corroborate the former statement of Marsilli, that th^ 
earthy deposits of the coast of Languedoc form a 
stony substance, for which reason he ascribed a certain 
bituminous, saline, and glutinous nature to the sub- 
stances brought down with sand by the Rhone.* If 
the number of mineral springs charged with carbonate 
of lime which fall into the Rhone, and its feeders in 
different parts of France be considered, we shall feel 
no surprise at the lapidification of the newly deposited 
sediment in this delta. It should be remembered, that 
the fresh water introduced by rivers, being lighter 
than the water of the sea, floats over the latter, and 
remains upon the surface for a considerable distance* 
Consequently, it is exposed to as much evaporation as 
the waters of a lake; and the area over which the 
river-water is spread, at the junction of great rivers 
and the sea, may well be compared, in point of extent, 
to that of considerable lakes. 

Now, it is well known, that so great is the quantity 

*Hi8t. Phys. deAalAfis. 
Q. 5 
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of water carried off by evaporation in aomo lakei, tk r 
it 18 nearly equal to the water flowing in ; and in » j 
inland seas, as the Caspian, it is quite equal. Vif 
may, therefore, well suppose^ that, in caaet whcni 
strong current does not interfere, the greater poilii 
not only of the matter held meohanic^lly in suipemia 
but of that also which is in chemical solution, majb 
precipitated at no great distance from the shore. WW 
these finer ingredients are extremely small in qutftiiif 
they may only suffice to supply erustaceous anisil 
corals, and marine plants, with the earthy 
necessary for their secretions; but whenever itii 
excess (as generally happens if the basin of a riicr 
partly in a district of active or extinct volcanos)^ 
will solid deposits be formed, and the shells «3 
once be included in a rocky mass* 

JJeka of the Po.^^The Adriatic presents a 
combination of circumstances, favourable to the 
formation of deltas— <• a gulf receding far into ihiV 
*^ a sea without tides or strong currents, and '. 
influx of two great rivers, the Po and the A^ 
besides numerous minor streams, draining on tbef* 
side a great crescent of the Alps, and on the ifst 
some of the lofliest ridges of the Apennines. Fi« 
the northernmost point of the Gulf of Trieste, v^ 
the Isonzo enters, down to the south of Rtvo^' 
there is an uninterrupted series of recent acceMi^, 
of land, more than one hundred miles in ko^l 
which, within the last two thousand years, hvct 
creased from tvfo to tu/enty miies in breadA. '^ 
Isonzo, Tagliamento, Piave, Brenta, Adige, asdi^ 
b^esides many other inferior rivers, contribute to c^ 
advance of the coast-line, and to the shallowing oft!^ 
gulf. The Po and the Adige may now be considei^ 
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I at entering by one common delta, for two branches riE ] 
^ the Adige are connected with armB of the Po. 

In consequence of the great coacentration of the 
flooded waters of these streams since the system of 
embankment became general, the rate of encroach- 
ment of the new land upon the Adriatic, especially at 
. that point where the Po and Adige enter, is said to 
have been greatly accelerated. Adria was a seaport 
in the time of Augustus, and had, in ancient times, 
^ven its name to the gulf; it is now about twenty 
Italian mites inland. Havenna was also a seaport, and 
IB now about four Italian miles from the main sea. 
Yet even before the practice of embankment was in- 
troduced, thealluviumof tliePoadvanced with rapidity 
on the Adriatic; for Spina, a very ancient city, ori- 
ginally built in the district of Ravenna, at the mouth 
of a great arm of the Po, was, so early as the com- 
mencement of our era, eleven Italian miles distant 
from the sea,* 

The greatest depth of the Adriatic, between Dal- 
matia and the mouths of the Po, is twenty-two tuthoms; 
but a large part of the Gulf of Trieste and the Adriatic, 
^apposite Venice, is less than twelve fatiiomi de^. 
9 tlie south, where it is less affected by the 
K of great rivers, the gulf deepens considerably, 
after dredging the bottom, discovered the 
i to consist partly of mod and partly of rock, 
^he rock being formed of calcareous matter, encrusting 
Shells. He also ascertained, that particular species of 
^estacea were grouped together in certain plac 
Vere becomtt^ slowly incorporated with the mud, or 

kl 

* "See Brocchi on the variom writers on Ihjs nilyact. Cooeh 
nPou. Subap., vol. i. p. IIS. 
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Adriatic may be intermingled by the influc 

ij current ; and all tbe central parts of the g 

considered as slowly filling up with horizont 

'!. similar to those of the Subapennine hillsy a 

./- ing many of the same species of shells. 

merely introduces at present fine aand and 
carries no pebbles farther than the spot wli 
the Trebia, west of Piacenza. Near thi 
borders of the basin, the Isonzo, Tagliai 
many other streams, are forming immen 
sand and some conglomerate; for here 
mountains of Alpine limestone approach w 
miles of the sea. 

. In the time of the Romans, the hot-bati 
falcone were on one of several islands of A 
stone, between which and the mainlandy on 
was a channel of the sea, about a mile br 
channel is now converted into a grassy p 
surrounds the islands on all sides. Among 
rous changes on this coast, we 6nd that 1 
channel of the Isonzo is several miles to 1 
its ancient bed, in part of which, at Ron^ 
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Adriatic, it is highly probable that its original depth 
^tLS very great ; for if all the low alluvial tracts were 
taken away from its borders and replaced by sea, the 
high land would terminate in that abrupt manner 
which generally indicates, in the Mediterranean, a 
great depth of water near the shore, except in those 
spots where sediment knported by rivers and currents 
has diminished the depth. Many parts of the Medi- 
terranean are now ascertained to be above two thou- 
sand feet deep, close to the shore, as between Nice 
and Genoa; and even sometimes six thousand feet^ as 
near Gibraltar. When, therefore, we find, near Parma; 
and in other districts in the interior of the Italian pe- 
ninsula, beds of horizontal tertiary marl attaining a 
thickness of about two thousand feet, or when we dis- 
cover strata of inclined conglomerate, of the same age, 
near Nice, measuring above a thousand feet in thick- 
ness, and extending seven or eight miles in length, we 
behold nothing which the analogy of the deltas in the 
Adriatic might not lead us to anticipate. 

Delta of the Nile That Egypt was "the gift of the 

Nile,'' was the opinion of her priests before the time 
of Herodotus; but we have no authentic memorials 
for determining, with accuracy, the dates of successive 
additions made to the habitable surface of that country. 
The configuration and composition of the low lands 
leave no room for doubt, says Rennell, that " the sea 
once washed the base of the rocks on which the pyra- 
mids of Memphis stand, the present base of which is 
washed by the inundation of the Nile, at an elevation 
of 70 or 80 feet above the Mediterranean. But when 
^ we attempt to carry back our ideas to the remote 
I period when the foundation of the delta was first laid^ 
we are lost in the contemplation of «o n^X. «sk \fiX^sr«^ 
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of tine.''^ Wt know that the base of the delta li» 
been considerably modified since the days of Hoiaer^ 
The ancient geographers nentioD seven princqul 
mouths of the Nikt of which the moat eastern, the 
Pelusian, has been entirely silted up, and the Mea^ 
desian, or Taoitic, has disappeared* The Phataitic 
mootht and the Sebeniticy haie been ao altered, tfail 
the country immediately about them has little reseah 
bbnce to that described by the ancients* The Boflii- 
tnie moudi has increased in its dimenaiona» so as to 
cause the city of Rosetta to be at sonae diatanoa fiaa 
the sea. 

The alterations produced around the Canopic moatk 
are also important. The city Foah, which, so hto a 
the beginning of the fifteenth century, waa ontbii 
embouchure, is now more than a mile inland* Gsso* 
pus, which, in the time of Scylax, waa a desolate 
insular rock, has been connected with the firm Issd; 
and Pharos, an island in times of old, now belongs U 
the continent. Homer says, its distance from Egypt 
was one day's voyage by sea.f That this shsuld 
have been the case in Homer's time, Larcher ssd 
others have, with reason, affirmed to be in the higheit 
degree improbable ; but Strabo has judiciously antic^ 
pated their objections, observing, that Homer w« 
probably acquainted with the gradual advance of the 
land on this coast, and availed himself of this pbeae^ 
menon to give an air of higher antiquity to the reaiote 
period in which he laid the scene of his poem.;^ Thf 
Lake MareoUs, also, together with the canal whid 

• Geog. Syst. of Herod, vol. ii. p. 107. 
f Odyfu, booV. l^."^. ^55. 
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eonnected it with the Canopie arm oi the Nile, has 
been filled with mud, and is become dry. Herodotus 
observes, *^ that the country round Memphis seemed 
Ibrmeriy to have been an arm of the sea gradually 
filled by the Nile, in the same manner as the Mean- 
der, Achelous, and other streams, had formed deltas* 
Egypt, therefore, he says, like the Red Sea, was 
once a long narrow bay, and both gulfs were separ- 
ated by a small neck of land. If tlie Nile, he adds, 
should by any means have an issue into the Arabian 
Gulf, it might choke it up with earth in twenty thou- 
sand, or even, perhaps, in ten thousand years ; and 
why may not the Nile have filled with mud a still 
greater gulf in the space of time which has passed 
before our age ?" * 

Mud of the Nile. — The analysis of the mud of the 
Nile gives nearly one half of argillaceous earth, and 
about one fourth of carbonate of lime, the remainder 
consisting of water, oxide of iron, and carbonate of 
magnesia, f 

The depth of the Mediterranean is about twelve 
fiithoms at a small distance from the shore of the del- 
ta ; it afterwards increases gradually to 50, and then 
suddenly descends to 3S0 fathoms, which is, perhaps, 
the original depth of the sea where it has not been 
rendered shallower by fluviatile matter. The progress 
of the delta in the last two thousand years affords, 
perhaps, no measure for estimating its rate of growth 
when it was an inland bay, and had not yet protruded 
itself beyond the coast-line of the Mediterranean. 
A powerful current now sweeps along the shores of 
Africa, from the Straits of Gibraltar to the prominent 

• Euterpe, XI. 
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convexity of Egypt, the western side of whid if [ 
continually the prey of the waves ; so that not ow 
are fresh accessions of land checked, but ancient [iss 
of the delta are carried away. By this cause Canop 
and some other towns have been overwhehned:ta 
to this subject I shall again refer when speaking i 
tides and currents. 
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CHAPTER V. 



OCEANIC DELTAS. 



Oceanic deltas — Deltas of the Ganges and Burrampooter — Its 
size — Rate of advance, and nature of its deposits — Formation 
and destruction of islands^ Abundance of crocodiles — In- 
undations — Delta of the Mississippi (p. 360.) — Deposits of 
drift wood — Gradual filling up of the Yellow Sea^ Estimate 
of the quantity of mud carried down by the Ganges — Form- 
ation of valleys illustrated by the growth of deltas — Grouping 
of new strata in general (p. 867.) — Convergence of deltas — 
Conglomerates — Various causes of stratification — Direction 
of laminae — Remarks on the interchange of land and sea. 

The remaining class of deltas are those in which 
rivers, on entering the sea, are exposed to the influ- 
ence of the tides. In this case it frequently happens that 
an estuary is produced, or negative delta, as Rennell 
termed it, where, instead of any encroachment of the 
land upon the sea, the ocean enters the river's mouth, 
and penetrates into the land beyond the general coast- 
line. Where this happens, the tides and currents are 
the predominating agents in the distribution of trans- 
ported sediment. The phenomena, therefore, of such 
estuaries, will be treated of when the movements of 
the ocean come under consideration. But whenever 
the volume of fresh water is so great as to counteract 
and almost neutralize the force of tides and currents, 
and in all cases where these agents have not sufficient 
power to remove to a distance iVie Yr\vo\& q^ ^<& %^&- 
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ment periodically brought down by rivers, oceanic 
deltas are produced. Of these, I shall now select 
a few illustrative examples. 

Delia €f the Ganges. — The Ganges and the Bur- 
rampooter descend, from the highest mountains in the 
world, into a gulf which runs 225 miles into the con- 
tinent. The Burrampooter is somewhat the larger 
river of the two ; but it first takes the name of the 
Megna when joined by a smaller stream so called, and 
afterwards loses this second name on its union with 
the Ganges, at the distance of about forty miles from 
the sea. The area of the delta of the Ganges (widi- 
out including that of the Burrampooter, which has 
now become conterminous) is considerably more thao 
double that of the Nile ; and its head commences ati 
distance of 220 miles, in a direct line from the sea. Its 
base is two hundred miles in length, including the sptce 
occupied by the two great arms of the Ganges which 
bound it on either side. That part of the delta which 
borders on the sea is composed of a labyrinth of riven 
and creeks, all filled with salt water, except those ii 
mediately communicating with the principal ann ef i 
the Ganges. This tract alone, known by the name d \ 
the Woods, or Sunderbunds, a wilderness infested bf 
tigers and alligators, is, according to Rennell, equal is 
extent to the whole principality of Wales.* 

On the sea-coast there are eight great openings, eadi 
of which has evidently, at some ancient period, serred 
in its turn as the principal channel of discharge. ii*| 
though the flux and reflux of the tide extend even IB 
the head of the delta when the river is low ; yet, idui 

* AcoQunt of t!i\« OaA^«« tad BunampootBr Birers, by MfV 
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it 16 periodically swollen by tropical rains, the velocity 
q{ the stream counteracts the tidal current, so that 
except very near the sea, the ebb and flow become 
insensible. During the flood season, therefore, the 
Ganges almost assumes the character of a river enter* 
log a lake or inland sea ; the movements of the ocean 
being then subordinate to the force of the river, and 
only slightly disturbing its operations. The great gain 
of the delta in height and area takes place during the 
inundations ; and, during other seasons of the year, the 
ocean makes reprisals, scouring out the channels, and 
sometimes devouring rich alluvial plains* 

So great is the quantity of mud and sand poured by 
the Ganges into the gulf in the flood season, that the 
aea only recovers its transparency at the distance of 
sixty miles from the coast. The general slope, there- 
fore, of the new strata roust be extremely gradual. 
By the charts recently published, it spears that there 
is a gradual deepening from four to about sixty fathoms, 
as we proceed from the base of the delta to the dis- 
tance of about one hundred miles into the Bay of 
Bengal. At some few points seventy, or even one 
hundred, fathoms are obtained at that distance. 

One remarkable exception, however, occurs to the 

regularity of the shape of the bottom; for, of^site the 

I middle of the delta, at the distance of thirty or forty 

miles from the coast, is a nearly circular space called 

J the " swatch of no ground," about fifteen miles in dia- 

^ meter, where soundings o^ 100, and even 130, fethoms 

^ fail to reach the bottom. This phenomenon is the more 

extraordinary, since the depression occurs within five 

U miles of the line of shoals; and not only do the waters 

charged with Gangetic sediment pass over it con- 

^ Unually; but, durmg the monsoons^ tlv^ %^^ V^<^^^ 
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with mud and sand, is beaten back in that direction 
towards the delta. As. the mud is known to extend 
for eighty miles farther into the gulf, we may be as- 
sured that, in the course of ages^ the accumulation of 
strata, in << the swatch " has been of enormous thick- 
ness ; and we seem entitled to deduce, from the pre- 
sent depth at the spot, that the original inequalities of 
the bottom of the Bay of Bengal were on a grand 
scale, and comparable to those of the raain ocean* 

Opposite the mouth of the Hoogly river, and imme- 
diately south of Sager Island, four miles from the 
nearest land of the delta, a new islet was formed about 
thirty years ago, called £dmonst<m Island, where 
there is a lighUiouse. The islet has been for manj 
years covered with vegetation and shrubs, but die 
whole surface was submerged for some hours during 
the late inundation of May, 1833, the light-ke^rs 
having only escaped by ascending into the lantern. 
By this flood the dimensions of the islet were con- 
siderably diminished. Although there is evidence 
of gain at some points, the general progress of the 
coast is very slow; for the tides, which rise from 
thirteen to sixteen feet, are actively employed in 
removing the alluvial matter, and diffusing it over a 
wide area.* The new strata consist entirely of sand 
and fine mud ; such, at least, are the only materiak 
which are exposed to view in regular beds on the 

* It is stated in the chart published in the year 1825, by Cip- 
tain Horsburg^, that the sands opposite the whole delta stretched 
between four and five miles farther south than they bad doiK 
forty years previously ; and this was taken as the measure <^tbe 
progress of the delta itself, during the same period. But a more 
careful comparison of the ancient charts, during a recent surfcji 
has proved that the^ -wer^ extremely incorrect in their latitudes, so j 
that the advance of libe «»sA« «xA ^^xa^^ivvk ^c«m^ ssws^gsited. 
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banks of the numerous creeks. No substance so coarse 
as gravel occurs in any part of the delta, nor nearer 
the sea than 400 miles. It should be observed, how- 
ever, that the superficial alluvial beds, which are 
thrown down rapidly from turbid waters during the 
floods^ may be very distinct from those deposited at a 
greater distance from the shore, where crystalline pre- 
cipitates, perhaps, are forming, on the evaporation of 
so great a surface, exposed to the rays of a tropical 
sun. The separation of sand and other matter, held 
in mechanical suspension, may take place where the 
waters are in motion; but mineral ingredients, held 
in chemical solution, would naturally be carried to a 
greater distance, where they may aid in the formation 
of corals and shells, and, in part, perhaps, become the 
cementing principle of rocky masses. 

A well was sunk at Fort William, Calcutta, in the 
hope of obtaining water, through beds of adhesive clay, 
to the depth of 1 46 feet. A bed of yellow sand was 
then entered, and at the depth of 152 feet another 
stratum of clay.* 

Islands formed and destroyed. — Major R. H. Cole* 
brooke, in hid account of the course of the Ganges 
relates examples of the rapid filling up of some of its 
branches, and the excavation of new channels, where 
the number of square miles of soil removed in a short 
time (the column of earth being 114 feet high) was 
truly astonishing. . Forty square miles, or 25,600 acres 
are mentioned as having been carried away, in one 
place in the course of a few years.f . The immense 
transportation of earthy matter by the Ganges and 

* See India Gazette, June 9., 1831. 
^ f . Trans, of the Atiatic SodeVf , n^. ^m, '^« \^« 
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Megna is proved by the great magnhade of the i^amb 
formed in their channels during a period far short of 
that of a man's life. Some of these, many miles in 
•stent, have originated in large aand- banks thrown op 
round the points at the angular taming of the river, 
and af^erwutks insulated by breaches of the streasi. 
Others, formed in the main channel, are caused bj 
some obstruction at the bottom. A large tree, or s 
sunken boat, is sometimes sufficient to check the current; 
and cause a deposit of sand, which accumulates till it 
usurps a considerable portion of the channel. Tbe 
river then borrows on each side to supply the deficiesej 
fai its bed, and the island is afterwards raised by freA 
deposits during every flood. In the great golf bdof 
Luckipour, formed l^ the united waters of the OwagBt 
and Burranipooter (or Megna), some of the islandk; 
says Rennell, rival in size and fertOity the Isle of 
Wight While the river is forming new islands indse 
part, it is sweeping away old ones in others. Tho9t 
newly formed are soon overrun with reeds, long grw^ 
the Tamarix Indica, and other shrubs, fonning iatj^ 
netrable thickets, where tigers, buffaloes^ deer, and 
other wild animals, take shelter. It is easy, therefor^ 
t^ perceive, that both aniaral and vegetaUe remsisi 
must continually be precipitated into the flood, and 
sometimes become imbedded in the sedinrtent whkb 
subsides in the delta. 

Two species of crocodiles, of distinct geffera, abotnd 
hi the Ganges and its tributary and contiguous waters; 
and Mr. H. T. Colebrooke mforms me, ttksit he hn 
seen boclr kinds in places far inland, many hua^btd 
miles from the sea. The Gangetic crocodile, or 
Gavial (in correct orthograf hy^ Garial), is. confined to 
the fi-esk ivataiyWt t^ cwDMM\!ir«cw»)^j&g^%i^5s^^tf 



Dth iresh and salt ; being much larger and fiercer ii 
dt and brackish water. Tbeie animals a' 
trtckieh water along the line of sand'banUs where the 
4vance o( tlie delta is most rapid. Hundreds oT 
lem are seen togetlier in tlie creeks of the delta, t 
asking in the sun on the shoals without. They witt i 
etack men and cattle, destroying the natrvi 
iithing, and tame and wild animals which t 
i-ink. " 1 have not unfrequently," says Mr. Col«- " 
foobe, " been witness to the horrid spectacle of ■ 
gating corpse seized by a crocodile with such avidity, 
^idt he half emerged above the water with his prey in 
j» mouth." The geologist will not tail to djserve how 
^^eniliarly the habits and distribution of these sauriaos 
fipost tliem to become imbedded in the horizontal 
Intta of fine mud, which are annually deposited over 

«ny hundred square miles in the Bay of Bengal* 
•he inhabitants of the land, which happen to be 

■owned or thrown into the water, are usually devoured 

J tliese voracious reptiles ; but wc may xuppoae the 

imains of the saurians themselves to be continually 

jtvnnbed in the new formations. 
Jnandations. — It sometimes happens, at the season 

fien the periodic^ flood is at its height, that a strong 
'jAe of wind, conspiring with a high spring-tid^ 
^jeeks the descending current of the river, and givea 

se to most destructive inandationa. From this cause) 
**, the year 1769, the waters at Lutkipour rose sii 

let above their ovdinary level, and the inhabitants of 
■ considerable district, with their houses and catt!e> 
"■er^ totally swept away. 

* The populuXian of all oceanic deltas are particularly 
'icpMed to lofiWr by such catastroplies, recurring at 
^derable intervals of time i and we may safely 



1 

tbe I 

:oi«-^^ 
„^ _ * 







4f 



d>undance in strata of sU ages, it' the sur&i 
planet hac always been governed by the u 
When we reflect on the general order and ti 
that reigos in the lich and populous delta a 
notwithstanding tlic liavoe occasionally comi 
the depredations of tlie ocean, we perceive 
necessary it is to attribute the inibeddiag of s 
races of animals in older strata to extraordina 
in the causes of decay and reproduction in th 
of our planet, or to those general catastroi 
sudden revolutions resorted to by some theori 
Delia cf the Miisissippi. — As the delti 
Ganges may be considered a type of those Ji 
the borders of the ocean, it will be uorteo 
accumulate examples ofotlierson a no less ms 
scale, as, for example, at the mouths of the 
and Amazon. To these, however, I shall r 
and by, when treating of the agency of currei 
tides in the Mexican Gulf are so feeble, that 
of the Mississippi has somewhat of an inte 
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leagues since New Orleans was built. Great sulv* 
marine deposits are also in progress, stretching far and 
wide over the bottom oi the sea, which has become 
extremely shallow, not exceeding ten fathoms' in 
depth. Opposite the mouth of the Mississippi large 
rafls of drift trees, brought down every spring, are 
matted together into a net-work many yards in thick- 
ness, and stretching over hundreds of square leagues.^ 
Tliey afterwards become covered over with a fine mud, 
on which other layers of trees are deposited the year 
following, until numerous alternations of earthy and 
vegetable matter are accumulated. 

Aliemation of deposits. — An observation of Darby, 
in regard to the strata composing part of this delta, 
deserves attention. In the steep banks of the Atcha- 
falaya, an arm of the Mississippi before alluded to in 
our description of *< the raft," the following section is 
observable at low water: — first, an upper stratum, 
C(Hisisting invariably of blueish clay, common to the 
banks of the Mississippi ; below this a stratum of red 
ochreous earth, peculiar to Red River, under which 
the blue clay of the Mississippi again i^pears ; and this 
arrangement is constant, proving, as that geographer 
remarks, that the waters of the Mississippi and the 
Red River occupied alternately, at some former pe- 
riods, considerable tracts below their present pomt of 
union.f Such alternations are probably common in 
submarine spaces situated between two converging 
deltas ; for, before the two rivers unite, there must 
almost always be a certain period when an intermediate 
tract will by turns be occupied and abandoned by the 

* Captain Hall's TravelB in North America, vol. iii. p. 338.— 
See also above, p. S71. 
t Dart>j's Louiaaaoa, p. 103. 
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waters of each stream ; since it can rarely happen that 
the season of highest flood will precisely correspond in 
each. In the case of the Red River and Mississippi, 
which carry off the waters from countries placed under 
widely distant latitudes, an exact coincidence in the 
time of greatest inundation is very improbable. 



CONCLUDING REMARKS ON J>BI«TAS. 

QuanHty of sediment in river wcOer. — Very fev 
satisfactory experiments have as yet been made, to 
enable us to determine, with any degree of accuracji 
the mean quantity of earthy matter discharged annually 
into the sea by some one of the principal rivers of the 
earth. Hartsoeker computed the Rhine to contain in 
suspension, when most flooded, one part in a hundred of 
mud in volume * ; but it appears from two sets of experi- 
ments recently made by Mr. Leonard Horner, at Bono, 
that rs^Tj^Ty^^ would have been a nearer approxima- 
tion to the truth, f Sir George Staunton inferred from 
several observations, that the water of the Yellow River 
in China contained earthy matter in the proportion of 
one part to two hundred, and he calculated that it 
brought down in a single hour two million cubic feet 
of earth, or forty-eight million daily ; so that, if the 
Yellow Sea be taken to be 120 feet deep, it would 
require seventy days for the river to convert an En^sh 
square mile into firm land, and 24,000 years to turn 
the whole sea into terra firma, assuming it to be 

* Comment. Bonon., vol. ii. part, i. p. 237. 
t Edin. New PbW. Soutn.^ 3wv, \^a$. 
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1£59000 square miles in area. * Manfredi, the cele- 
brated Italian hydrographer, conceived the average 
proportion of sediment in all the running water on the 
globe, which reached the sea, to be -3^, and he 
imagined that it would require a thousand years for 
the sediment carried down to raise the general level 
of the sea about one foot. Some writers, on the 
contrary, as De Maillet, have declared the most turbid 
waters to contain far less sediment than any of the 
above estimates would import. One of the most ex- 
traordinary statements is that of Major Rennell, in 
his excellent paper, before referred to, on the delta of 
the Ganges. " A glass of water," he says, "taken out 
of this river when at its height, yields about one part 
in four of mud. No wonder, then," he adds, " that 
the subsiding waters should quickly form a stratum of 
earth, or that the delta should encroach on the sea !"f 
There must certainly be some mistake, perhaps a 
- misprint, in the statement in the Phil. Trans. ; and 
some have conjectured that the learned hydrographer 
meant one part in four hundred of mud. In former 
editions of this work, I expressed my regret that so 
much inconsistency and contradiction should be found 
in the statements and speculations relative to this in- 
teresting subject ; and I endeavoured to point out the 
high geological importance of reducing to arithmetical 
computation the aggregate amount of solid matter 
transported by certain large rivers to the sea. The 
deficiency of data has now been, in some degree, re- 
moved by the labours of the Rev. Mr. Everest, who has 

* Staunton's Embassy to China, Lond. 1797^ 4to. vol. ii. p. 408* 
t Phil. Trans. 1781. 
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iDstituted a series of observations <<0a die obA)' 
matter brought down by the Ganges" at Ghtfl^i;^ 
above Calcutta. * , 

• 

The first step to be made in all such calcdatkniitS 
ascertain the average volume of water passing nnk 
down the channel of a river. This might es^k 
accomplished if the breadth, depth, and vdod^t 
a stream were constant and uniform throi^;faoBt 
year; but as all these conditions are liable to 
according to the seasons, the problem beoonui 
tremely complex. In the Ganges, as in other i 
in hot climates, there are periodical inundations, dtf 
which by far the greatest part of the annual dUm 
takes place; and the most important point, tl 
to determine, i& the mean breadth, depth, and 
of the stream during this period. 

Mr. Everest found that, in 1831, the miinte 
cubic feet of water discharged by the Gai^! 
second was, during the 

Rains, (4? months) - - 494,208 

Winter, (5 months) - - 71,200 

Hot weather, (3 months) - 3(>,330 

so that we may state in round numbers, that 3(0 
cubic feet flow down during the four months oftk 
flood season, from June to September, and only \(0 
during the remaining eight months. 

Having obtained the volume of water, we hsTeitf 
to inquire what is the proportion of solid matter C& 

• Journ. of Asiatic Soc, No. 6. p. 238. June, 1832. ^ 
also Mr. Prinsep, Gleanings in Science, voL iii, p. 185. 



tained in it ; and for this purpose, a definite quantity, 
as, for example, a quart, is taken from the river oii 
different days, sometimes from the middle . of the 
current, and sometimes nearer the banks. This water 
is then evaporated, the solid residuum weighed, and 
the mean quantity of sediment thus ascertained, 
throughout the rainy season. The same observatiims 
must then be repeated for the other portions of the 
year. 

In computing the quantity of water, Mr. Everest 
made no allowance for the decreased velocity of the 
stream near the bottom, presuming that it is com- 
pensated by the increased weight of matter held in su»* 
pension there. Probably the amount of sediment is by 
no means exaggerated by this circumstance ; but rather 
under-rated, as the heavier grains of sand, which can 
never rise into the higher parts of the stream, are 
drifted along the bottom. 

Now the average quantity of solid matter suspended 
in the water during the rains was, by weight -^-^th 
part ; but, as the water is about one half the specific 
gravity of the dried mud, the solid matter discharged 
is -^^th part in bulk, or 577 cubic feet per second. 
This gives a total of 6,082,041,600 cubic feet for the 
discharge in the 122 days of the rain. The proportion 
oi sediment in the waters at other seasons was com- 
paratively insignificant, the total amount during the 
five winter months being only 247,881,600 cubic feet, 
and during the three months of hot weather, 38,154,240 
Cubic feet. The total annual discharge, then, would 
be 6^368,077,440 cubic feet. 

. In order to give some idea of the magtUtude of this 
result, we will assume that the specific gravity of the 
dried mud is only one half that of granite (it would ^ 
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however, be more); in that case, the earthy matto- 
discharged in a year would equal 3, 1 84^038,720 dil 
feet of granite. Now about 12^ cubic feet of gmik I 
weigh one ton ; and it is computed that the gral | 
Pyramid of Egypt, if it were a solid mass of gnM 
would weigh about 6,000,000 tons. The mmi 
matter, therefore, carried down annually, wouU* 
cording to this estimate, more than equal inwe^ 
and bulk forty-two of the great Pyramids of Igf. 
and that borne down in the four months of the m 
would equal forty pyramids. But i^ without anjeft 
jecture as to what may have been the specific gnA 
of the mud, we attend merely to the weight of mH 
matter actually proved by Mr. Everest to have btf 
contained in the water, we find that the nmnlis 
tons weight which passed down in the 122 days of 
rainy season was 339,418,760, which would give 
weight of fifly-six pyramids and a half; and in 
whole year 355,361,464? tons, or nearly the weigbi! 
sixty pyramids. 

The base of the great Pyramid of Egypt coR3 
eleven acres, and its perpendicular height is jJboutfiR 
hundred feet. It is scarcely possible to presents- 
picture to the mind which will convey an adeqoP 
conception of the mighty scale of this operations 
tranquilly and almost insensibly carried on bj '^ 
Ganges, as it glides through its alluvial plain. Itntff- 
however, be stated, that if a fleet of more than eigb; 
Indiamcn, each freighted with about 1 400 tons wei^ 
of mud, were to sail down the river every hour i 
every day and night for four months continuously, ther 
would only transport from the higher country to the 
sea a mass of solid matter equal to that borne dots 
by the Ganges in the flood season. Or the exertiocs 
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of a fleet of about 2000 such ships going down daily 
with the same burden, and discharging it into the 
gulf, would be no more than equivalent to the opera- 
tions of the great river. Yet^ in addition to this, it is 
probable that the Burrampooter conveys annually as 
much solid matter to the sea as the Ganges. 

The most voluminous current of lava which has 
flowed from Etna within historical times was that of 
1669. Ferrara, afler correcting Borrelirs estimate, 
calculated the quantity of cubic yards of lava in this 
current at 140,000,000. Now, this would not equal 
in bulk one fiflh of the sedimentary matter which is 
carried down in a single year by the Ganges, according 
to the estimate above explained; so that it would 
require five grand eruptions of Etna to transfer a mass 
of lava from the subterranean regions to the surface, 
equal in volume to the mud carried down to the sea in 
one year by a single river in Bengal. 

Grouping of Strata in Delicts. — The changes which" 
have taken place in deltas, even since the times of 
history, may suggest many important considerations in 
regard to the manner in which subaqueous sediment 
is distributed. Notwithstanding frequent exceptions, 
arising from the interference of a variety of causes, 
there are some general laws of arrangement which 
must evidently hold good in almost all the lakes and 
seas now filling up. If a lake, for example, be 
encircled on two sides by lofby mountains, receiving 
from them many rivers and torrents of different sizes, 
and if it be bounded on the other sides, where the 
surplus waters issue, by a comparatively low country, 
it is not difficult to define some of the leading geological 
features which must characterize the lacustrine form- 
ation, when this basin shall have been gradually con- 
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▼erted into dry land by the influx of sediisenL Ik 

strata would be divisible into two principal gmsfi: 

the older comprising those deposits which original 

on the side adjoining the mountains^ where numoi 

deltas first began to form ; and the newer group » 

sisting of beds deposited in the more central pn 

of the basin, and towards the side farthest froDtk 

mountains. The following characters would fonalk 

principal marks of distinction between the atntiE 

each series. The more ancient system would be oos 

posed, for the most part, of coarser materialiiOt 

taining many beds of pebbles and sand, often of f^ 

thickness, and sometimes dipping at a coniidealk 

angle. These, with associated beds of finer 'vf 

dientsy would, if traced round the borders of thehii 

be seen to vary greatly in colour and mineral os 

position, and would also be very irregular in thidos 

The beds, on the contrary, in the newer groups n* 

consist of finer particles, and would be horizontil^ 

very slightly inclined. Their colour and mineral co^ 

position would be very homogeneous throughout laa 

areas, and would differ from almost all the sepioB 

beds in the older series. 

The following causes would produce the diversii 
here alluded to between the two great members' 
such lacustrine formations 4 — When the rivers s- 
torrents first reach the edge of the lake, the dettiff 
washed down by them from the adjoining bei^ 
sinks at once into deep water, all the heavier pebbie 
and sand subsiding near the shore. The finer mollis 
carried somewhat farther out, but not to the distaatf 
of many miles, for the greater part may be seen, as,^ 
example, where the Rhone enters the Lake of Gfoeri 
to fall down in clouds to the bottom not far froD # 



liver's mouth. Thus alluvial tracts are soon formed at 
themouthsof every torrent and river, and many of these 
in the course of ages become of considerable extent. 
Pebbles and sand are then transported farther from 
the mountains ; but in their passage they decrease in 
size by attrition, and are in part converted into mud 
and sand. At length some of the numerous deltas 
which are all directed towards a common centre ap- 
proach near to each other — those of adjoining torrents 
become united, and each is merged, in its turn, in the 
delta of the largest river, which advances most rapidly 
into the lake, and renders all the minor streams, one 
after the other, its tributaries. The various mineral 
ingredients of all are thus blended together into one 
homogeneous mixture, and the sediment is poured out 
from a common channel into the lake. 

As the average size of the transported particles 
diebreases, while the force and volume of the current 
augments, the newer deposits are diffused continually 
over a wider area, and are consequently more horizontal 
than the older. When at first there were many 
independent deltas near the borders of the basin, their 
separate deposits differed entirely from each other; 
one may have been charged, like the Arve where it 
joins the Rhone, with white sand, and sediment de- 
rived from granite — another may have been blacky 
like many streams in the Tyrol, flowing from the waste 
of decomposing rocks of dark slate — a third may have 
been coloured by ochreous sediment, like the Red 
River in Louisiana -— a fourth, like the Eisa in Tug* 
coMijf may have held much carbonate of lime in sohK 
tioiu At first they would each form distinct depodts 
of sand, gravel, limestone, marl, or odier materials ; 
bwl after their juncdon new chemical combiEkfilwigk 

il 5 



and where tides and currents partially u 
. above description would only be applicab! 

'}. tain modifications; but if a series of 

n. ^ accompany the growth of a delta, and 

levels of the land from time to time, as i 
where the Indus now enters the sea, and 
aflcr to be mentioned, the phenomena will 
still more widely from the ordinary type. 
Cwivergence of Deltas, — If we possess 
rate scries of maps of the Adriatic for ma 
years, our retrospect would, without doul 
gradually back to the time when the numl 
descending from the mountains into th 
independent deltas was far greater in nu 
\ deltas of the Po and the Adige, for insti 

\ \ separate themselves within the recent en 

\ I probability, would those of the Isonzo anc 

I If, on the other hand, we speculate on futi 

\ we may anticipate the period when the 

deltas will greatly diminish; for the Po cam 
to encroach at the rate of a mile in a hui 
and other rivers to gain as much in six oi 
\: turies upon the shallow gulf, without ne 
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known if America had not been so recently discovered. 
The union of the Tigris and the Euphrates must un- 
I doubtedly have been one of the modern geographical 
changes on our earth, and similar remarks might be 
extended to many other regions. 

When the deltas of rivers, having many mouths, con- 
verge, a partial union at first takes place by the con- 
Ffiuence of some one or more of their arms ; but it is 
'not until the main trunks are connected above the head 
' of the common delta, that a complete intermixture of 
■ their joint waters and sediment takes place. The 
UQion, Uierefore, of the Po and Adige, and of the 
' Ganges and Hurra m pooler, is still incomplete. If we 
' reflect on the geographical extent of surface drained 
' by rivers such as now enter tlic Bay of Bengal, and 
then consider how complete the blending together of 
' the greater part of their transported matter has already 
become, and throughout how vast a delta it is spread 
by numerous arms, we no longer feel so much surprise 
at the area occupied by some ancient formations of ho- 
mogeneous mineral composition. But our surprise will 
be still further lessened when we afterwatds inquire 
into the action of tides and currents, in disseminating 
sediment.* 

Formatioii of Conghmeratcs. — Along the base of 
the Maritime Alps, between Toulon and Genoa, the 
rivers, with few exceptions, are now forming strata of 
conglomerate and sand. Their channels are often 
several miles in breadth, some of them being dry, and 
the rest easily forded for nearly eight mouths in the 
year, whereas during the melting of the snow they 
are swollen, and a great transportation of mud and 

■ See Cbip. Tiii. | 
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pebbles takes place. In order Co keep open the main 
road fhmi France to Italy, now carried along the sea- 
ooast, It is necessary to remove annually great masses 
of shingle brought down during the flood -season. A 
portion of the pebbles are seen in some localities, ss 
near Nice, to form beds of shingle along the shore, 
bat the greater part are swept into a deep sea. The 
small progress made by the deltas of minor rivers on 
this coast need not surprise us, when we recollect that 
there is sometimes a depth of two thousand feet at a 
few hundred yards from the beach, as near Nice. 
Similar observations might be made respecting a large 
proportion of the rivers in Sicily, and, among o^n, 
respecting that which, immediately north of the port 
of Messina, hurries annually vast masses of granitic 
pebbles into the sea. 

Causes of Stratification in Delias. — That the mat- 
ter carried by rivers into seas and lakes is not thrown in 
confused and promiscuous heaps, but is spread out &r 
and wide along the bottom, is well ascertained ; and 
that it must for the most part be divided into distinct 
strata, may in part be inferred where it cannot be 
proved by observation. The horizontal arrangement 
of the strata, when laid open to the depth of twenty or 
thirty feet in the deltas of the Granges, Indus, and 
Mississippi, is alluded to by many writers ; and the 
same disposition is well known to obtain in all modem 
deposits of lakes and estuaries. 

Natural divisions are often occasioned by the interval 
of time which separates annually the deposition of 
matter during the periodical rains, or melting of the 
snow upon the mountains. The deposit of each year 
may acquire some degree of consistency before that of 
the succeeding y eax \& «\i^xVnv^«)«»d^ A^Tasietf of cir- 
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cumstances also give rise annually, or sometimes fr<Hn 
day to day, to slight variations in colour, fineness of 
the particles, and other characters, by which alterna- 
tions of strata distinct in texture, and mineral ingre- 
dients, must be produced. Thus, for example, at one 
period of the year, drift wood may be carried down, and 
at another mud^ as was before stated to be the case 
in the delta of the Mississippi ; or at one time, when 
the volume and velocity of the stream are greatest^ 
pebbles and sand may be spread over a certain area, 
over which, when the waters are low, fine matter or 
chemical precipitates are formed. During inundations, 
the current of fresh water often repels the sea for 
many miles ; but when the river is low, salt water 
again occupies the same space. When two deltas are 
converging, the intermediate space is oflen, for 
reasons before explained, alternately the receptacle 
of difierent sediments derived from the converging 
streams. The one is, perhaps, charged with calcareous, 
the other with argillaceous matter ; or one sweeps 
down sand and pebbles, the other impalpable mud. 
These differences may be repeated, with considerable 
regularity, until a thickness of hundreds of feet of 
alternating beds is accumulated. The multiplication, 
also, of shells and corals in particular spots, must give 
rise occasionally to lines of separation, and divide a 
mass which might otherwise be homogeneous into dis- 
tinct strata. 

An examination of the shell marl now forming in 
the Scotch lakes, or the sediment termed "warp," 
which subsides from the muddy water of the Humber,. 
and other rivers, shews that recent deposits are often 
composed of a great number of extremely thin layers,, 
either even or slightly undulating, and presetvln^^ 



* See above^ B€M>k i. p. 21, 
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>■ Tbe AcejihRla are that dit 
, wUcli, like ilie oyster and scallop, are wiiLout hrada. 
Tha clasB Acephnln of Ciivicr comprehends nuuiy genera of 
th bivalve shelLi, and a fe» which arc devoid of 
lym-, B, a, without, and KcfxtAi;, cephati, the head. 
LmKKiDE. A Bubtitance apparenily intermediate lie 

and wBi, into whicb dead animal matter ia converted when 
buried in the earth, and in a certain stage of decomposition- 
I, £^1-, aiieps, fat, and cera, wai. 
I^KSMUC. An apparatus for dialiUing. 

(ktM- ^n order or division of the cryptogamic class of planM.' 
•hole of the 5Bi»-«ecds are comprehended undei 
in, and the applicujnn of the lerai in this vrork 
e piaoti. Etym., alga, sea-weed, 
UUTUi. The adjective of alluvium, which see. 

Sfnonymous with alluvium, which see, 
llAXCnuH. Earth, sand, gravel, stonea, and other tmnspoi 
I nutler which has been washed away and thrown down 
) rivers, floods, or oilier causes, upon land not /vrmnnenl^i 
submerged beneath Ihe waters of lates or seas. Etym. 
alluo, to wash upon. For a further eiplanntion of the term, 
■a used in this work, see Vol. III. p. 2la., and Vol. IV. 
p. 57. 
Aldu-stoni, All'Hen, Aloiiinol'S. Alum is the hose of pure 
cU;, and strata of clay are often met with containing much 
iron-pyrilea. When Ihe latter subslance decomposes, sul- 
phuric acid is pToduced,wbich unites with the alli 
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I 
of the clay to form sulphate of alumine, or cnmiao riti 
Where manufactories are eatmbliahed for obtainiBgdiciB 
the indurated beds of clay employed are called Aloifrte 
Ammonite. An extinct and very numerous genus of Ae r 
of molluscous animals called Cephalopoda, alM tt t 
modem genus Nautilus, which inhabited a chsmbocd^ ' 
curved like a coiled snake* Specnes of it are fixadsK 
geological periods of the secondary strata; butth^biK* 
been seen in the tertiary beds. They are named ^^ 
resemblance to the horns on the statues of Jupiter 
Amospuous. Bodies deroid of regular form. JEtytn-t*t*i^ 

out, and fiop^t morphet form. 
Amtgdxloid. One of the fbrms of the Trap-rodt^ is ■■ 
agates and simple minerals a p p e ar to be scattered like d 
in a cake. Etym,, utfuj^oXa, amygdaia, an almosi 
Anxlcime. a simple mineral of the Zeolite family, il« 

Cubixite, of frequent occurrence in the trap-rocks. 
Analogue. A body that resemblea or corresponds i 

body. A recent shell of the same species as a fosBw 
the analogue of the latter. 
AvorLOTHERx, ANorLOTHBBiuM. A fossil extinct 

belonging to the order Pachydermata, resembling t j^ ■ 
has received its name because the animal must hvt^ 
singularly wanting in means of defence, from tfae'^'' 
of its teeth and the absence of claws, hoofs, andbr- 
Etym^i avovKoSf anojplos, unarmed, and ^r^nav, tkcr^ 
wild beast. 
Antagonist Powers. Two powers in nature, the set* 
the one counteracting that of the other, by which skiu 
equilibrium or balance is maintained, and the dcsm^ 
effect prevented that would be produced by one op0^- 
without a check. 
Antennjb. The articulated horns with which the heads c 

sects are invarial)ly furnished. 
Anthracite. A shining substance like black-lead ; a specie 

mineral charcoal. Etym*^ <uf0pa^, antfrrax^ coal. 
Anturacotherium. A name given to ^an extinct qati*^*' 
supposed to belong to the Pachydermata, the bones of <■' 
were found in lignite and coal of the tertiary strata. £• 
ay$pa^, anthrax, coal, and ^ptoy, therion, wild beast 
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co^nposed of layers of fine greenish-gray sand, as thin 
as paper. Some of the inclined beds will be seen to 
be thicker at their upper, others at their lower ex- 
tremity, the inclination of some being very consider- 
able. These layers must have accumulated one on 
the other by lateral apposition, probably when one of 
the rivers was very gradually increasing or diminishing 
in velocity, so that the point of greatest retardation 
caused by their conflicting currents shifted slowly, 
allowing the sediment to be thrown down in succes- 
sive layers on a sloping bank. The same phenome- 
non is exhibited in older strata of all ages ; and when 
they are treated of, I shall endeavour more fully to 
illustrate the origin of such a structure. 

Constant interchange of land and sea. — I may here 
conclude my remarks on deltas, observing that, im- 
perfect as is our information of the changes which 
they have undergone within the last three thousand 
years, they are sufficient to shew how constant an 
interchange of sea and land is taking place on the face 
of our globe. In the Mediterranean alone, many 
flourishing inland towns, and a still greater number of 
ports, now stand where the sea rolled its waves since 
the era of the early civilization of Europe. If we could 
compare with equal accuracy the ancient and actual 
state of all the islands and continents, we should pro- 
bably discover that millions of our race are now sup- 
ported by lands situated where deep seas prevailed in 
earlier ages. In many districts not yet occupied by 
man, land animals and forests now abound where ships 
once sailed;^ and on the other hand, we shall find, on 
inquiry, that inroads of the ocean have been no less 
considerable. When to these revolutions, produced 
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by aqueous causes, we add analogous changes wroT]|^lit 
by igneous agency, we shall, perhaps, acknowledge Uie 
justice of the conclusion of Aristotle, who declared 
that the whole land and sea on our globe periodically 
changed places.* 

* See aboTCy Book i. p. SI. 
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AcEFHA-iLouB. Tbe Acepfaola ore that diviaion of malluscoDS 
animals which, like Ihe oyster and scallopf are without heada. 
The class Acephala of Covier comprehends many genera of 
animals with bivalTe shells, and a few which arc devoid of 
shells. Etym., a, a, without, and MxfiEAn, cephalf, the head. 

AuipociB«. A substance apparently int£rmediate between fat 
and wai, into which dead aoimat matter is converted when 
buried in the earth, and in a certain stage of decomposition. 
Etyni. , adepa, fat, and ccro, wbi. 

Alehiic. Ad apparatus for distilling. 

Auix. An order or division of the cryptognmic class of plants. 
The whole of the sea.wcedB ore comprehended under this 
division, and Uie application of the term in this work is to 
marine plants. Eh/m., aiga, sea-weed. 

ALtuviii. Theadjeclive of alluvium, which see. 

Alluvion. Synonymous vfith alluvium, which ice. 

ALLt'viuH. Earth, sand, gravel, stones, and other transported 
matter which has been washed away and thrown down by 
rivers, floods, or oilier causes, upon land not jierjitanenlli/ 
submerged, beneath the waters of lates or seas. Btym., 

as used in this work, see Vol, 111. p. S18., and Vol. IV. 
p. 57. 
Alsm-stonx, Alumen, Aluminous. Alum is the base of pure 
clay, and strata of clay are often mot witli containing much 
iron.pyrites. When the latter lubsUincc decomposes, sui- 
u phuticacidis produced, which unites with the all umlnous earth 
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of the clay to form sulphate of alumine, or comxnon al!i0. 
Where manufactories are established for obtaining the aium, 
the indurated beds of clay employed are called Alum>stone. 

Ammonite. An extinct and very numerous genus of the onjer 
of molluscous animals called Cephalopoda, allied to the 
modem genus Nautilus, which inhabited a cha.mbared shell, 
curved like a coiled snake. Species of it are found in all 
geological periods of the secondary strata ; but they have not 
been seen in the tertiary beds. They are named .^m tiieir 
resemblance to the horns on the statues of Jupiter Anunon. 

Amokphous. Bodies devoid of regular form. Etytn., Oy'oy with- 
out, and fiop^, tnorphe, form. 

Amtgdxloid. One of the forms of the Trap^rocks^ in m^aA 
agates and simple minerals i^pear to be scattered like almonds 
in a cake. Etym,, ofuryHaKfi, amygdala f an almond. 

AvxLciME. A simple mineral of the Zeolite family, also called 
Cubizite, of frequent occurrence in the trap-rocks. 

Analogue. A body that resembles or corresponds with anodier 
body. A recent shell of the same species as a fossil-shdl is 
the analogue of the latter. 

AvoPLOTHERE, Anoplotheriuk. A fossil extinct quadruped 
belonging to the order Pachydermata, resembling a pig. It 
has received its name because the animal must have been 
singularly wanting in means of defence, from the form 
of its teeth and the absence of claws, hoofs, and horns. 
Etym.i apovKoSf anoplost unarmed, and ^pioy, therion, a 
wild beast. 

Antagonist Powers. Two powers in nature, the action of 
the one counteracting that of the other, by which a kind of 
equilibrium or balance is maintained, and the destructive 
effect prevented that would be produced by one operating 
without a check. 

Antenna. The articulated horns with which the heads of in- 
sects are invariably furnished. 

Anthracite. A shining substance like black-lead ; a species of 
mineral charcoal. Etym*, avBpa^t antJtrax^ coal. 

Anturacotherium. a name given to ^an extinct quadruped, 
supposed to belong to the Pachydermata, the bones of which 
were found in lignite and coal of the tertiary strata. Etym^, 
ayOpa^f anthrax, coal, and ^ptoy, therion, wild 



AaiB^otoitoiiriioii*. Having a, Tonn resembling the iiiuaan. 
£tym., ayifOTBi, onthraptt, a man, uid iiop^, marphe, 

Ifo'iCLis*!, Axu. If a range of hills, or a valUy, be com- 

directions, llie imaginary line that lies between them, to- 
warda which the strata od each side rise, is called the anti- 
• clinal aiis. In a row of houies with steep roofs facing the 
south, the slaWa represent inclined strata dipping north and 
south, and the ridge is an east and west anticlinal aiis. In 
the accompanying diagram, a, a are the anticlinal, and b, b 
the synclinal lines. Elym; niri, onfi, against, and kAicw, clino, 
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TIC. SiibstanrEH which jiretent corruption in animal and 
vegetable matter, as common salt does, are said to be anti- 
septic. Etyia., ttVTi, agaimi, and mj™, tepa, to puirefj-. 

iiNAciODs. Sandy. Elym., artna, sand. 

IGILLiCKODS. Clayey, composed of clay. Etym., argUla, 

itiAcOMTE. A simple mineral, a variety of cajbonatc of lime, 
so called from having been lirst found in Arragon, in Spain* 

laiiE. A simple mineral of a dark green, or black colour, 
which forms a constituent part of many varieties of volcanic 

VALANCBES. Masses of snow which, being detached from great 
heights in tlic Alps, acquire enormous bulk by fresh accumu- 
lations OS they descend ; and when they fall into the valleys 
below often cause great destruction. They are also called 
lavaiigeif and lanancheir in the dialects of Switzerland. 

iSALT. One of the most common varieties of the Trap-rocks. 
It is a dark green or black stone, composed of augite and 
felspar, very compact in texture, and of contider^iie hard- 
ness, often found in regular iiillars of three or mors sidea, 
called basaltic columns. Bemaikabie eiimples of this kind 
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mn seen at the Oisnt's Causeway, in Ireland, and afr Ffng^^ 
Ciave» in Staffa, one of the Hebrides. The term is used by 
Fliny, and is said to come firom bastUf an Ethiopian 'word 
signifying iron. The rock c^ten contidns much iron. 

« Basin" of Faris, " Basin** of London. Deposits lying 'in; a 
hollow or trough, formed of older rocks ; sometimes usedu 
geology almost sjrnonymously with ** formations," to ex^ianess 
the deposits lying in a -certain cavity or depression in older 
rocks. 

BsLXMNRE. An extinct genus of the order of molluscous 
animals called Cephalopoda, having a long, straight, and 
chambered conical shell. Etym.f fi^9fumr, teiemnon, a 
dart* 

BiTUMSN. Mineral pitch, of which the tar-like substance which 
is often seen to ooze out of the Newcastle coal when on the 
fire, and which makes it cake, is a good example. JB^ffn*, 
bitumen, pitch. 

BnuiuMous Shale. An argillaceous shale, much impregnated 
with bitumen, which is very common in the coal measures. 

Blkmdb. a metallic ore, a compound of the metal zinc with 
sulphur. It is often found in brown shining crystals ; hence 
its name among the German miners, from the word blendoh 
to dazzle. 

Bluffs. High banks presenting a precipitous front to the sea 
or a river. A term used in the United States of North 
America. 

BoTRTOiDAL. Resembling a bunch of grapes. Etym,, fiorfntSi 

bottySf a bunch of grapes, and eiHos, eidos, form. , 

Boulders. A provincial term for large rounded blocks of stone 
lying on the surface of the ground, or sometimes imbedded 
in loose soil, different in composition from the rocks in their 
vicinity, and which have been therefore transported from a 
distance. 

Breccia. A rock composed of angular fragments connected 
together by lime or other mineral substance. An Italian 
term. 

Calc Sinter. A German name for the deposits from springs 
holding carbonate of lime in solution— petrifyfng^ springs. 
Miynhf kalk, linw, smtemt to drop. 



CuutKB Gkosshb. An exuuaive itiatum, or rather scries of 
Btrsia, found in tbe Paris Basin, belonging to llie Eocene 
tMti«y period. See Tsble I. E, Vol. IV. p.309. Elym., 
enquire, limesloQe, unci groaner, coarse. 

C^tCAHEOtis Roci. Litneatoiie. Elyia., colt, lime. 

Cai^AKEous Sfak. Crjista1iiiL>d caibonate of lime. 

CiLCEnoKT. A siliceous simple miners!, uQcrjstalliiedi Agates 
ore partly composed of calcedonj . 

CAnioK. An undecomposed inflBmrnable subsluice, one of (he 
simple elemcDtary bodies. Charcoal is almost entirely com- 
posed of it. Etym., carba, coal. 

Carwnate of LiuE. Lime combines with great avidity with 
carbonic acid, a gaseous acid only obtained fluid when united 
with water, — and all combinations of i( with other sub- 
stances are called Carlmtatti. All limestones are carbonates 
of lime, and quick lime is obtained by driving olTtlte carbonic 
acid by heaC 

Carbonatu) Si-eikcs. springs of water, oontainlng carbonic 
acid gas. Tliey arc very common, especially in volcniiic 
countries; and sometimes contain w mucb gas, tliai if a 
little sugar be thrown into tbe water it eSerresces like soda- 

Carbomc Acin Gas. A natural gas vrhich often issues from 
the ground, especially in volcanic cuuotries. Etym., tarbe, 
coal, because the gas is obtained by tbe slow burning of 

CAHiOHiriauus. A term usually applied, in a technical sense, to 

ansncieotgroupofsecandBr7Btrata,(seeTid>IeI.M,Vol- IV. 

p. 313.) ; but any bed containing coal may be said lo be cai- 

boniferous. Etym,, carbo, coal, and^ero, lo bear. 
CAiacLTsH. A deluge, ffyin., ■(criuc\u{cii, cn/ac/uo, todeluge. 
CEruALOFODjt. A class of molluscous animalx, having their organs 

of motion arranged round their head. Eli/m., lU^iAKV, 

cepkak, head, and nSa,poda, feet. 
Cracea. An order of vettebrated maniinifarous auimaU inlia- 

biting the sea. The oliale, dolphin, and narwol arc eiatnplcs. 

Eiynu, ccie, whale. 
CiL4I.t. A wlute earthy limestone, the uppermost of the aecoiul- 

ary series of strata. Sec Tabic I. P, Vol. IV., p. 309. 

A (tUccoiumincr^UlieM'ljiaUieil la cilcedony and flio^ 
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Cbloiitic 8amd. Sand coloured green b; an « 

■ioiple minenl chlorite. Btj/m., ;i^ABpoi, ditarai, gnm. 

Clsitagi. Certain nicki, unially called slate-rocks, -iu>]> te 
cleared into an indefinite number of Ihin laminv wlucfc wt 
parallel to each other, but which aie generally not fiajalM H 
the plauet of (he tru« ttrat^ or layers of depo^don. .' jCtt 
planes of cleavage, therefore, are distinguishable from Okm 
of •tratification ; aod Ihiaj also diffbr fn>ni joints, which an 
fissures or lines of partli^, at defibite disUnces, and often at 
right angles to the planes of sttatiBcalion. The partings 
wbicb divide columnar basalt into prisms are joints. He 
manes of rock included between joints cannot be cleaied 
into an indefinite number of laminie or slates, having Ibeir 
planaofcleaVBgeparallellothejomts. See first part of Cliap. 
»vi>. Book iv. 

CumnoHi, called also pfaonolite,afelspaihic rock of the Tmp 
fkmily, usually fissile. It is Bonorous ulien struck nith a 
hammer, whence lb name. 

Coil FoRUATiOH. This term is general]; understood to mesn 
the same as the Coal Measures. Sec Table I., M, Vol. IV. 
p. 3ja. There are, however, "coal formations" in all Ihc 
geological periods, wherever any of [be varieties of coal forais 
a principal constituent part of a group of strata. 

CoLEOrT£HA. Au Order of insects (Beetles) which have four 
wings, the upper pair being cru^taccuus and forming a 
shield. Elym., KOhfot, co&vi, a sheath, and trrcpiis, pitnn, 
a wing. 

ConroBHASLe. When Ihe planes of one set of strata are gene- 
rally parallel to those of another set which arc in contact, 
they are said to be conformahlc. Thus the set a, b. 
Fig. 115., Vol. IV. p. 133., rest conformably on the in- 
ferior set c, di but c, d rest uncon rormably on E. 

CoHCEHERs. Species which belong to the some genus, 

CovaLO>iEB.ATE oa riTDniKGSTONa. Rounded water-worn frag- 
ments of rock or pebbles, cemented together by another 
mineral substance, which may be of a siliceouH, calcareouh 
or ar^llaceous nature. Etyta., con, together, gjomrro, to heap. 

CoHlrxa^E. An order of plants which, like the fir and pine, tiear 
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conn or '"P^ '" *''■''' l^" seeds are contained. Eli/m., 
comi/- rone, ani firo, to bear. 
Cooifil 1^ provincial name in difTerenl parts of England for a 
tbIUv oh the dfcliyiiy of a liill, and whicli Is gcneraUy wilh- 

CoRHiaiSS' Arubbl)' limestone, forming a soil eitensively cul- 
ti\fattfd in Wiltshire for the growth of corn. It is n prorii). 
cial term adopted by Smith. Brash is derived from brecan, 
SaiDR, to break. See Table I. H, Vol. IV. p. 310. 

CoaNSTOHE. A proviodal name for a^d limestooe, formiog a 
subordinate bed in the Old Red Sandstone group. 

CosuoaoKT, CosHDLocY. Wards synonymous in meaning, ap. 
plied to speculations respecting the tint origin or mode of 
creation of the earth, filym., Kosfioi, kasmot, the world, and 
yinrri, ganee, generation, or \iiyos, logon, discourse. 

CaiG. A provincial name in Norfolk and Suffolk for a deposit, 
usually of gravel, belonging tu the Older Pliocene period. 
See Table I., C, Vol, IV. p. 309. 

CaATEB. The circular cavity at the summit of a volcano, from 
which the volcanic matter is ejected. Elym., crater, i great 

Cai^iACRous. Belonging to chalk. Etgm.,creta, chalk. 

rising up or eiposure at the surface of a stratum or series of 

Cnvat or Tuc Eabth. See Eartb's crust. 

CatiSTAciA. Animals having a shelly coating or crust which 
they cast periodically. Crabs, shrimps, and lobsters, are 
examples. 

CamooAHic. A name applied to a class of plants, such as ferns, 
mosaea, sea-weeds, and fungi, in which the fructificatian 
or organs of reproduction aro concealed. Etym., npunros, 
hqiplas, concealed, and 70^1, gamos, marriage. 

Cktstils. Simple minerals are frequently found in regular 
forms, vrith faceta like the drops oF cut glass of chandeliers. 
Quarli being often met with in rocks in such forms, and 
beautifully transparent like ice, was called Toclr-crytltJ, 
■puTToAAjii, cryslaUoi, being Creek for ice. Hence the 
n^lar Jbrmi of other minerals are called crystals, whether 
^^mr tbey be clear or opake. 
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CaTfTALusBiii A minenl which ii Ibimd in vegatlar man v 
cryttals u said to be crjvtallued. ^ '> 

Catstallxmx. The intemal texture wfaicli ngaSme ^ji|^ g^ 
hibit when broken, or. a confusfd ■■■! mlilmj^ii oT IQ-dAied 
crystals. Loaf-sugar and statuary-marble haTe a tiyiftiffii 
texture. Sugar-candy and calcareom ^Mr mn crjmQiaed. 

Ctcadejb. An order of plants which ar» nathrea of warm di- 
mates, mostly tropical, although soma aia Ibnnd at tlia Gqw 
of Good Hope. They ha^e a short atem, aunno^tcd by a 
peculiar foliage, termed pinnated firooda bj boCaiiMli^ wUdi 
spreads in a circle. The term is derived from aaaatB eg^CMh 
a name applied by the ancieqt Greek natnaealiac T b aop iir astus 
to a palm. 

CmaAcx.s. A tribe of plants answering to the English sedges ; 
they are distinguished from grasses by their sterna being aolid, 
and generally triangular, instead of being hollow and round. 
Together with gramineiB they constitute what writers on bota- 
nical geography often call ^umacea. 

Debacle. A great rush of waters, which, breaking down all op> 
posing barriers, carries forward the broken fragments of 
rocks, and spreads them in its course. Etyni^f <UbacUr, 
French, to unbar, to break up as a river does at the cessation 
of a long-continued frost. 

Delta. When a great river, before it enters the sea, divides into 
separate streams, they often diverge and fonn two sides of a 
triangle, the sea being the base. The land included by tbe 
three lines, and which is invariably alluvial, was first called, 
in the case of the Nile, a delta, from its resemblance to tbe 
letter of tbe Greek alphabet which goes by that name ^. 
Geologists apply the term to alluvial land formed by a river 
at its mouth, without reference to its precise shape. 

Denudation. The carrying away by the action of running water 
of a portion of the solid materials of the land, by \%'hich infe- 
rior rocks are laid bare. Etym,, denudot to lay bare. 

Desiccation. The act of drying up. Etym., desicco^ to dry up. 

Deoxidized, Deoxidated. Deprived of oxygen. Disumtcd 
from oxygen. 

Diagonal Stratificatiov. For an eiplanation of this term, see 

, Vol. IV. p. 91, 
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DicOTriiiXf"''ir». A gnmd diviHon of the vegetable tingdom, 
To .idrf on the plant baring two edylediHia or seed-lobes. 
£tjm.,S". </ij, double, and mmiK-nSoi', cotjledon. 

DmM. WWn imasB of (he un strati Red or igneous rocks, sucbos 
graail'i; J5»p. «nii !»"». appears as if injected into a great rent 
in the ■mlJIied rocks, cutting acroEs the strila, it TormB a 
dike; and as they are sometimes seen running along the 
groand, mi projecting, like a wall, from the sotter Etrata on 
both side! of Ihem haTing wasted away, they are called in the 
north of England and in Scotland dikes, the provindal name 
for nail. It is not easy to draw the line between dikes and 
veins. The former are generally of larger dimension^;, and 
have their sides parallel for considerable di^tancei ; while 
veins have generally many ramificaiions, and these often thin 
away into slender threads. 

which, by some geologists, are said to have been produced by 
the action of a diluvian wave or deluge sweeping over the 
surface of the earth. Etym., dSuaum, deluge. 
Dip. When a stratum does not lie horiiontally, but is inclined, 
it it said to dip towards some point of the compass, and the 
angle it makes with the horiun is called the angle of dip or 

Dimax. An order of insects, comprising (hose which have only 
two wings. Etifm., Iks, dit, double, and ■mfpaii, picrm. 



Dolomite. A crystalline limestone, containing magne 
constituent pan. Named after the French geulogii 

Dunks. Low hills of blown sand that skirt the shores of I 
England, Spain, and other countries- 

EtHTH's CnusT. Sui'h superficial parts of our ptanut as are il 
CBmble to human observation. 

Elt^Kx, The wing-sliealhs, or upper crustaceoiis membrun<^ 

which form the superior wings in the tribe of beetles. They 

covet llw body and protect the true membranous wing. 

I Elym., tXuTpay, e^lroH, a sbeatb. 

I VOL. I. a 
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t. Sec ei planalion of ihis «ai4. Vol. m. p- 1^, 
.KT"-"""" tli'i abrupt race ot'ii ndf* «f Iiigbi«i I, .£^a., 
I- - siWTywi-, French, to eul Slwp. -'.. ' 

EouABiis. Inlets of Ibf ]iind„whuih ■i^fnMir*"! *^^ tt^ihM 

and tlie tides of thi^ wa. ^ iTmi »* tut; d>« '■j^'I^im tf Uk 
. Th.mes, Se.ern, Tsj, Ac. E^m-. «»««. «l«- .111... 
liBiriiiiHENTUH Cm-CIS. A AetiAi* n|i*rbTimi, to <iilUd W> 
.- cnuie, liks a crots or dirertionviniit, ■( ibmrtu ma* le (!<• 
IcDDwledge; or, u soifle eipluJn it,, bauiuae i* ■■ * bind •■< 
• lomire whereby the nslure of ihf * 

by violence. 
ExtiTiA. Properly speaking, iho trai 
which ihey put off or Iny down lo 
pents and calcrpillan shij 
nol only to tbe caiti-off 
shells and other remiuns which .animsU hare left in the stnn 
of the earth, Slym., emfre,lo ptit offer divesl. 

liPituNa. A French provincial name for some tertiary stratt 
' abounding in ahella in Touraine, which resemble in litholo- 

gical cUaiucters the " crag " of Nortblk and Suffolk. 
Fault, in the language of minen, a the sudden inlerrupIloD of 
the continuity of strata in the same plane, aecompanioJ 
hy a crack or fissure varying in width from a mere line lo 
several feet, which is generally filled with broken stone. 




earing of ihe portion A, or the Making of the por^on B, 
Blrala were no displaced, that the bed a in B is mmj 
lower than the siune lied a in the portion A. 

The vnrious kinds of animals peculisiT to a country con- 
ite iu Fauna, bs the various kioda of plants c 




Briql of rocks. Tbe white angular portioni in 
I felspar. This mineral always contains some 
ilion. In common /ebjiar llie alkali is 
iriety, called Albite or Cleivlandite, itis 
Glassy fultpar is s term ap)>lied when the crystals 
have a considerable degree of transparency. Compact felspar 

caUed appears lo contain both potash and soda. 
Felbfathic. Of or belonging to felspar, 

FMROOtious. Any thing conlainfng iron. Et^m.,feTrum,iroB. 
Floeti Rocks. A German term applied to the secondary strata 

by the geologists of that country, because these rucks were 

lupposed to occur most frequently in flat horiaunial beds. 

Etym.,JBtis, a layer or stratum. 
Fu>KA. Tlie tarious kinds of trees and plants found in any 

country constitute the flora of that country in the language of 

Fl-uviATiI.I. Belonging to a river. Ehim.,fi«vi<,s, a ri*er. 
FoHHATiOK. A group, whether of alluvial deposits, Bcdimcnlary 
strata, or igneous rocks, referred to a common origin or 

Fossil. All minerals were once called fossils, but geologists 
now use tbe word only to express the remains ofanimsls and 
plants found buiied in the earth. Etgm., /eidlii, any thing 
that tnay be dug out of the earth. 

Gauna. a metallic ore, a compound of lead and sulphur. Ii 

has often tbe appearance of highly pohsbed lead. Etvrn-, 

■ya>,Ku, galea, lo sliine. 
Garket. a simple mineral, generally of a de«p red Colour, 

crystalliied ; most commonly met nith in mica slate, but alio 

in granite and other igueous rocks. 
GASTEEorons. A division of the TeatocM in which, as in Ihe 

liiDpel, the foot a attached to Ihe body. Elgnt., YBony, 

belly and toRo, podat feet. 
Gault. a provincial name in the cast of England for a seriet 



GLOSS A RV. 

if cU; and mvl, the geological lus'iMnu .,,■ ^Ui' w 

leiwwn ihe upper and lower gri.-en*«id.*rflf X»Lhj 1 V 

/o1. IV. p. 309. .> 

, or Cemmule, from the Lntin ^.ninra,* tMOM^-|,v^Ma^ 

ied to iDOphylei, meaDs a youflj *|i*n>^M^cmifuil 

1 velope or egg. S J^r* 
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unneceiurj' degree ot refincrnent in Jerou, li liai fetv 
prapoKd tofall aiir deicripdon of tbe Mmctun oT ibc (art) 
gM^imwif (£(ym., 7" -*. ««(, and ^uivtfiw, jm m.^ y 
know), and anr Ibc^,.;,,.,. .u.ilioisat to jti fn«nifaii 
gto(ogy (El^m., ym, and A&] t, a dl«jolir»«J. 

GuGiiiL. Vast accumulations I ""1 hardened f^qif IB ^ 

Alps aod other laft]' uiounlains. Elr/tn. , giace, Frrvhhl 



' language of fortificaU'oii 
! slope or declivity, leB 



Glich. a term borrowed from >' 

Bleep than a talus, which see. 

OiniBi. A stratified primsrj composed of the same 

niHleiials »« granite, Lul hev lally a larger proportion 

of miu and a Uminaled te The nard is a Gennan 

Gkauimi.e. The order of plants to which grasses belot 



fied or igneous rock, getierally founil 

■ inferiDr to or associated with Ihe oldest of tlie siralilied rocks, 

and someiiines penetrating them in ilie form of dikes and 

vein?, It is usually composed of three simple mineKjs, 

felspar, quarti, and mica, and derives its name from harinj 

a coarne graimlar structure; granum. Latin for grain. 

fr, Waterloo, and Loudon bridges, and the paviag. 

le carriage-way of the London etreets, nfTord good 

OuENEAND. Beds of sand, sandstone, limestone, belonging to 
the Cretaceous Period. See Table I. F, Vol 



grami 



Westtni] 

implea of ih 



alwi 



e of green earth or thloriie 
e of the saadstonei lime«toof, 
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GtmraroHK. ' A varlely of irap, tompowcl of homblinde and 

CunrwACKE. CmuuincM a German name, getierally adopted 
by geologisK fiir The lowest meTtiben of tlie secondaiy strata, 
b, Table I. V<tk rv. p. 31S. ; see also Vol. IV. p. 304. 
The roek is f J often of b grej colour, hence the name, 
grau, being^*f'4n for grey, and laadte being a provincial 

GiiT. A proiincial nainc for a coxrse-gniined sandstone. 

Gtfsum. a minvml composed of lime and sulphuric acid, hence 
called also ndphatE o( lime • Plaster and stucco arc obtained 
by eiposing gypsum to a stroog heaL It is fuund so abun- 
dantly near Paris, that plaster of Paris is a commaa term in 
Ibk country for the nhite ponder of which casts are made. 
The term is used by Pliny for a stone used for the same 
purposes by the ancients. The deriration is unknawn. 

Gtfseoub, of or belonging to gypsum. 

Gthoconites, Bodies found, in fircsh-water deposits, originally 
supposed to be microscopic shells, but subsequently discovered 
to be tbe sced-vessvl of fresh-water plants of the genus choTO, 
See Vol. III. p. SS9. Eti/m.,-Ytipiit, gyni, curved, and yams, 
gonaj, seed, on account uf their eitemol structure. 

HiMiFTtu. An order of insects, so called from a peculiarly in 
Ihdr wings, the superior b^ng coriaceous at the base, and 
membranous at the apex, 4>(un', hcniiu, lialf, and vrtpor, 
jUrmn, wing. 

HoRNsLEHD):. A Simple mineral of a dark green or blackcolonr, 
which enters tu^ely into the composition of sweral Tarielies 
of tlie trap rocks. 

UaaKsTOME. A siliceous mineral ^.ubstanec, sotnelimei approach- 
ing nearly lo flint, or common quarti. It has a Eonchoidul 
fracture, and is infusible, which distingoioiici it iroDi com- 
pact felspar. 

HuHeaus. The bone of the uppermn. 

HTfHOfHTTKs. Plants which grow in wawr. Mlgui; Msp, 
hydar, water, and 4111m, pHylon, plant. 

HrroocKX Roc». Foran cipluatian of ibii Wnn, see Vol. IV. 
p. 385. 
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IscxiDtscitn. White hm — Uriog • mar* Idldwe iegnt jt 

hvat ihiu rtd tiME. 
IcuEBO. GrettoiMMiorlcv, Ohaii tIttdMorUni, •rIDcb AM 
in the polnr a?>d nljtctiil mu. B'J*-, i«*, .mI Urg, &•- 

mna fur hilt. 

IcKTHTnsAi'Riis. A gigin^ finil mari^ •^til«. Utlmmti^ ' 
between s crocodile snd k (Uli. Stfrn-trp^ifJahut. » i»- 
■nd o-Bi/pii, loiiro, nliiard. """^ 

ICTioM. A consequence,infi;rm»,OIJ»ll«I«l|»h^p|„ J,^,, 
from B number of particular fuctti, or phenomnk. Tbt 
Inductive philosophy, says Mr. V/hovel), ha» been riglid; 
described u a science wliich iscends from particular (acts la 
genernl priocipleg, atid then descends agaio from theaa genet*! 

'-^ prindpin to pBTticuIar ■pplrcations. 

SORT AHutALciTLESp MiouteHvIng creflturcs foupd innoany 
nfiiiions ; and the term iafiuari has been gitea Co all such 
■nimatcules, whether found in iDftuians or in stagaiml 
wawr, vinegar, Ac. 

iKSPissjiTin. Thickened. £lym.,i]tissui, thielt. 

IsvEiTEBKATKD AtfiitAu. Animals which are not furuished 
with back-bone. For a Anther cipkiiBCioa, tee <• Verte- 
brated Animals. " 

IkothekuaIi. Such tones or divijions of the land, ocean, a> 
atmosphere, which have an eqoal degree of mean annual 
n-armth, are said lo be isolhenna!, from vrai, itos, equal, and 



ITS, JoiKTEo Sthitctore. See •' Cleavage." 
A LrassTOMK. Tlie Htoestonci belonging to the Oolitic Gniup 
(see Table I. H, Vol. IV. p. 310.) constitute the chief 



nountains of the Jura, between France aud Switaerland, 
bence the geologists of the Contineat have given llie 
I to the group. 

I Cut. a thick bfd of clay, constimting a member 
" "lo Group. SeeTahlel. H, Vol, IV. p, SJO. Sa 
•eloped at Kimmerid^ in 



Lacdicuke. Belonging to a lake. 

Lauantihe. a liiing ip^'^ °^ *^ berbivoroua 

whale tribe, which inbabiw the laoiidis of rivcra on Uie coasls 
of Atrica and South America : ihft sea-eov. 

LiMEtiirjtiuiUs. Having a atrucCure'consisiing of thin plates or 
leases tike paper. Etym., lutueUa, the diininutiTC of (omma, 
plate, and f'ro, to bear. 

Lauins. Latin fbr plates; used in geology, for the smaller 
layetB of which a ttratum is frequently composed. 

Landslip. A portion of land tb^t lias slid down in conse- 
quence of distutbance by an. earthi]UBke, or from being un- 
dermined by water wdfhi^ away the lower bed> which 
supported it. ^-^ 

LAriDiFiCATiOK — Lapidifying proces.s. Canterslon into stone. 
Elym., lapis, stone, and Jio, to make. 

Lapilli. Small Tolcanic cindera. lafUlus, a little stone. 

Lava. The stone which flows in a melted stale &om a rolcauo. 

Leucite. a simpleminerai found 
and of a while colour. Eh/m. , 

Lias, A provincial name, adapted in scientific language, for a 
p.iriieular kind of limeaiooe, which, being choracleriied to- 
gether with its asEociated beds, by peculiar foHtls, fomu a 
partjcular group .of the secondary strata. See Tablo I. 
Vol. IV. p. 3il. 

LiOKiFEHDOL-s. A term applied lo insects which destroy wood. 
Etym,, ligavnt, wood, and pertlo, to destroy. 

LioKiTE. Wood converted into a kind of coal. Ehjm., lignum, 

LiTBODDHi. Molluscous animals which form holee in solid rocks, 
in wliicli Ihcy lodge thetnwNet. Tlie holes ore not perfo- 
rated mechanically, but the rock appears to be dissolved. 
Etym., Ai0ai, lUhas, stone, and Itfui, demo, to build. 

Lpthocesods PoirK. Animals which form coral. 

LiTHooHAPHic Stone. A slaty compact limestone, of a ]-ellowi.ih 
colour and line grain, used in lithography, which is the art of 
drawing upon and printing fWnn stone. Elyrn., \t9at, liihoi, 
stone, and jpaipv, grapho, to wnle. 

LrmotiiAI- Having a stuny slruetuie. 
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of (itutum ■> Uj||bti.iit»i Aom i« tMl^lMI rlmmcta. 

LiTHtii'Hici. ManuKOuai^iB^avMchnwHibuleiinwIMtiec.' 
See " Litliodoml.'' A^n., Jutrni, JMw, MM*, ai^««i- 
pAa^-uin. to •■(. 

LiTHoi'HVTH. T. ' ..n^fD.. ' ~l'>.-i< roim Mmw-conO. 

LirrauL. liii. Kiyia., /Ooh, the ah-m. 

LOAH. A 11.1'.' 

LoFHioDON. A 'riipt4a,allid toUwl^pir, 

nmneil fro:: ■ ili. 

LicoFoniACE-i . ' JcgTva of MKMtiMllcm to 

CooUcr:! , ' :;. much reMiDUe in fbliige, 

but all r... iilv snialln. Iklaoj' of tli« 

ibsal s|jk'> I' inl mniArai. Theii mode 

of reptoJiK. i!ul pf Amis. In Engliib 



aUied to homstone, 



. of a greyiali black coloi 
a Italy tlus term 



MiciciHo. la Italy tliis tia-m bas been applied to a ulieeou! 
undstane sonetimes containiiif; cilLareouii grains, mica, &c 

31iDKEFDKE. A gcnus o{ CDrals, but geDGratly applied to all the 
cotalfi diBlinguisbed by BuperGcial star-shaped cavities. Tliett 
are several futsU species. 

Macnebiin Lihsbton£- An eitensiTc series of b«ds, the geolo- 
gical positioa of which is immediately aboTe the cnal-mei- 
^luesi so called because the limeiloiic, itie pHnci pat member 
nf the fieriej, conlaini much of ilie earth magnesia u a coa- 
stituenl part. See TaUe I. L, Vol. IV. p. 312. 

MiMiUFEKaDs. IVlamiDifers. Aoimals nhich give suck to theii 
young. To this class all Ihe wgrm-blooded quadrupetls, uiil 
the cetacea, or whales, belong. Etym., niomnia, a brotst, 
/erg, to boar. 

Mauhillabv. a surface which is studded over with rounileil 
projec[ioD& Elym,, moBimilla, a little breast or pap, 

Mammoth. An eitinct species of the elephant (£. jnioiigniui), 
of which (he fuuil bones are frequently siel with in variout 
countries. The name is of Tarlar origin, and is VMd in 
Sibeiia fur animals that burrow uoder ground. 



UakjUI. One of l!ie cetuea, ibe sea-cow or laniaiiiine (Tri- 

chechut nuaului, Lin.) 
'Mi^L. A miilure of clajr and UmBi UHiaily soft, but uimetuun 

hard, ia whidi case it is called ioduralsd EDBrl. 
Marsufial Anihali. a Cribe of quadrupeds having > taek or 

pouch under Oie belij, in wiiich they carry their young. The 

kangaroD is n well-known examplu. Elym., mara-ufoum, a 

Mastoi 



-enus of foEsil eitin 




fldnipe 


ii ulliod to the 


called from the forir 


of 


ihe bind teeth or griud- 


ave their sniface Co 


vered will 


conic<d mam- 


i. Etn.. t«WTOt, « 


«(= 


. pap, 


nd oSwr, Orion, 


nplemiueral or shell 


ia 


lace of 


being detached, 



miliary ere 

AIaihix. If a 

be itill hied in a portion of rock, it ia said lo be in iu matrii. 

Matrix, womb. 
MiCHANicAi, Origin, Rdcig or. Bocka composed o( und, peb- 
bles, or fraguents, tue so called, to dialinguinh them from 

t]ioi>e of a uniform crystalline leituie, which are of chemical 

origin. 
Mehus*. a genu» of marine radiated animals, without shells ; 

so called because their organs of motion spread out like the 

>naky h«r of the fabulous Mcdubo. 
Mecalosaukl'l a fossil gigantic amphibious animal of tlie 

saurian or lizard and crocodile tribe. Et^m-t ^ryoAv}, jnegate, 

gr^at, and irac^a, (nuro, lizard. 
MioATiiKRiuM. A fossil cilinct quadruped, resembling a gigantic 

slolll. Eiym., litya, mega, great, aod hipiov, lAcriM, wild 

Melaetoha. a genus of Melastoiiacka, an order of exotic 
plaint of the etergrceo tree, and shrubby kinds. Titym., 
liOiOt, melai, black, and (rT0f4a, itoma, mouth; becatiie the 
fruit of one of the ipedes tiains llie lips. 

Mesotype. a simple mineral, white, uid needle-shaped. One of 
the Zeolite family, freqtwntly met with in the trap focks- 

MrcAuoarHic Kocta. For an eipLinatian of this term, lec 
Vol. IV. p. 3BS. ■ '■ 

Mica- A simple mineral, hating a mhlniDg rihery turbee, and 
capable of being split into very thin elastic Itiret nr scales, 
is often called lofi; in common life, but mineralogislsapply 
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Che term talc to a diffinrent mineral. The brilUant scales in 
g^ranite are mica. Etym»f mtco, to shine. 

MiCA-SLATB, Mica-schist, Mioacxous Schistus; One of the 
lowest of the stratified rodcs, belonging to the hypogene or 
primaxy class, which is characterised by being ccMoiposed of a 
large proportion of mica united with quartz. 

MiocxNc See an explanation of this term, Vol. III. p. 392. 

Molasse. a provincial name for a soft green sandstone, associ- 
ated with marl and conglomerates, belonging to the Miocene 
tertiary period, extensiTcly developed in the lower country 
of Switzerland. See Vol. IV. p. 140. Eiym., French, 
moOet soft. 

MoLLuscA, Molluscous Animals. Animals, sudi as shell-fish, 
which, being devoid of bones, have soft bodies. JEtym., 
mollis t soft. 

MoKAD. The smallest of Visible animalcules, spc^en of by Buffi>n 
and his followers as constituting the elementary molecules of 
organic beings. 

Monitor. An animal of the saurian or lisard tribe, species of 
which are found in both the fossil and recent state. 

MoNOcoTTLEDONous. A grand division of the vegetable kingdom 
(including palms, grasses, lilaceae, &cO> founded on the plant 
having only one coh/ledon, or seed lobe. Eti/fn., fiovos, monos, 
single. 

MoscHus. A quadruped resembling the chamois or mountain 
goat, from which the perfume musk is obtained. 

Mountain Limestone. A series of limestone strata, of which the 
geological position is immediately below the coal measures 
and with which they also sometimes alternate. See Table I. 
M, Vol. IV. p. 312. 

MoYA. A term applied in South America to mud poured out 
from volcanos during eruptions. 

MuLTiLocuLAP^ Manyrchambercd, a term applied to those shells 
which, like the nautilus, ammonite, and others, are divided 
into many compartments. Etym., multus, many, and loculus, 
a partition. 

Muriate op Soda. The scientific name for common culinary salt 
because it is composed of muriatic acid and the alkali soda. 

Musace^. a family of tropical monocotyledonous plants, in- 
cluding the banana and plantains. 
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Mdichxliali. a limeslone which, in geological position, belongs 
to the red sandstone group, lliis tbnnalion has not yel been 
found in England, and tlic German name isadopled by £□• 
glish geologists. The word means shell-limeatone. £(ym., 
muscAel, shell, and iallraein, Lmestone. See Table 1., K, 
Vol. IV. p. 313. 

Naptha. a very ihju, ToUtile, inflammable, and fluid mineral 
aubstani^e, of which there are springs in many countries, 
particularly in volcanic districts. 

NtNUFHAs. A yellow water-lily. 

Niw Ren Sandstohr. A aerifs at sandy, argillaceous, and often 
calcareous strata, the predontioant colour of which is brick- 
red, but containing portions which are of a greenii<h grey. 
TJiese occur often in spoU and stripes, io that the series has 
samciiniei been called the variegated tandstone. The Eii~ 
ropeon formation so called lies in a geol^icat position iro- 
mcdbtely above the coal meostires. See Table I., K, Vol. IV. 
p. 313. 

NoRMAi,. Gaours. Groups of cert«n roelis taken as a rule or 

standard. Stf/in-, normtif rule or pattern. 
Nucleus. A solid central piece, around which otiier mailer is 

collected. The word is Latin for kernel. 
Ni'MMULiTEs. An extinct genus of the order of molluscous 

animals nlled Cephalopoda, of s thin lenticular shape, in- 

for money, and AiSei, lilhoi, stone, ftoia its resemblance to a 



OssiDiAM. A volcanic product, or species of iaro, very like com- 
mon green bottie-glasa, which is almost black in large masses, 
but semi- tramps rent in tlitn fragments. Fumice-slone is 
obsidian in a frothy state; produced, must probably, by water 
that was coniained in or had access )o (he melted stone, nnd 

tneswi of solid obsidian, which are poriially converted into 
pumice. 
OaiGiAij Deluoi. a great inundation mentioned in labulous 



♦iM V M itor yv ii ||n i ii tdf j fctw ndit i 'ykwy fa die nlga^^i^gygi 
i'.-.iin \Mlc% nMiMM ^BiSi ft ixied fa Bfair's CtooiMiagical 
- - ^ Mbto* i*^ke 3FCV 1T«4 btftm Cbrfiti * 
Olb Rid SAmwrairi. A ttratiled rock belonging to tl» €Mx>iii- 

fMrmwGraiip. 8m TMMe I^ N. VoL I V. > SIS. 
Ournn. Aa difas-ooloimd, Miiii-traniiMKiityim^e mfagrti, 

▼ery oittn oeeunfag fa the form of grains and of crjnitals in 
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OouR, OoLific. AlinMitoB«^Mnaniedbocanaofan: 

of loundUd pi t idti, liko the lOo or i^pgs at m. firiu r TIhe 
BtBio u ftlio applied to a large groop of atmta, H, Triile L 
Vol. IV. p. 810^ cfauacteriaad bj peculiar tenlsy tecnma ttme- 
•tona of tUa Idad occurs fa this group fa Engfaiid»nBn^ 
&C. JBIl^Ni.9 Mft eon, egg, and Xitfos, HtkoM, stoanb -r 
OtAuaao 'WSooD. Wood petrified bj siliceoos eaitfi, and mt^fA- 

fog a slnictora sfaular to tlie simple mineral calfad'^opaL 
OrHmious RBmi.as. Vertebrated animals, socll ■■ asMhtos and 

serpents. Sljfm,, efu^ opkit, a serpent. 
Oeoahic RncAiiis. The remains of animals md plants (orpm- 

laed bodies) found fa a fossil state. 
'OanracsaATA, or O&tbocbejb. An extinct genus of ttie oider^of 
molluscous animals, called Cephalopoda, that inhabited a 
long-chambered conical shell, like a straight horn, Elynu, 
opQos, orthoif straight, and Ktpas, cerasy horn. 
OssKOus Brkccia. The cemented mass of fragments of bones of 
extinct animals found in caverns and fissures. Osseus is a 
Latin adjective, signifying bony. 
OsTKOLooY. That division of anatomy which treats of the bones, 

from oarwv, osteon, bone, and koyos, logos, a discourse. 
Outliers. When a portion of a stratum occurs at some distance, 
detached from the general mass of the formation to which it 
belongs, some practical mineral surveyore call it an outlkr 
and the term is adopted in geological language. 
OvATB. The shape of an egg. Etym., ovum, egg, 
Orirosmno. The la3nng of eggs. 
OxiDx. The combination of a metal with oxygen ; rust is oxide 

of iron. 
OxTUKN. One of the constituent parts of the air of the atmo- 
sphere ; that part which supports life. For a further explan- 
ation of the word, consult elementary worka on chemistry. 



FAcHimnHAT*- An order of quwinipeils, including Ibc elepbaul, 
rluTiDcertis, bone, pig, &c., distinguislied b; having tbick 
ekins. Elym-, Kaxuii pocAus, thick, and Stfii^a, derma, skin, 

PjiCiirnEnMiKHTs. Belonging lo pBchydermala. 

pALsoTHiBiuu, Paleotiteiii. A fossU L'XUDCt i]iia<lrupetl, be- 
longing lo the order Pnchydermata, resembling a pig, or 
tapir, but dF great size, Etyra., TtaXuiO! palaiai, (ulcienl, 
aniA'i}porj theriojit wild beasL 

PiiEosToLoGT. Tbe science which treats of foaail remuna, both 
Animal and TegeCablcp ElyiA-i vaXatos, peiaiox, andent, 
DtTB, inUa, beings, and ^oyos, togoi, a discourse. 

PiLACiAH, Pelauic. Belonging ID the deep sea. Etyn., pela- 

pis, SCB, 

Pepekino. An Italian name for a parCicular kind of volcanjc 
rock, formed, like tutF, by the cementing logether of volcatiic 
sand, cinders, or Bcoriie, &c. 

Petidleuu. a liquid mineral pitch, so called because il is seen 
to ooie like oil out of tbe rock. Elym., petra, rock., and 

PuaNOQAMous or PHANraooAHic PiAMTs. A name given bj Lin- 
na'ui to those plants in which the reproductivo organs art 
apparenL Elym., ^aripsi, jihanerai, evident, or fatyai, 
phntito, to show, Dnd fttfas, gainot, marriage. 

PuLECiAAN FiBLDs. Campi Phlegrffi, or "the BumiKelds." 
The country around Naples, bo named by the Greeks, from 

PaoNOLiTt See Clinkitone. 

Phetoahea. a genus of four-winged inwcts, ihe larvn of which, 
called caddis worms, are used by anglers as a boil. 

PuTiics. 'llie deparimenl of sdencc which treats of the proper- 
lies of natural bodies, laws of motion, &c. ; sometimes called 
natural philosophy and mechanical philosophy^ Elym,, 
^fjttSt jihytiSt nature, 

PuTTOLocT, PHVTvLodicAi.. The department of loience nUcb 
relates lo pUnls — synooymous with bolaoy and botamcBl. 
Elyni., <pirrBr, /Aylon, plant, and \oyos, logta, discourse. 

PHYTorMAOOua. Pianl-cating. Elym,, ^iirBV, pliylaa, phinl, and 
1iayta;pkagm,iotat. 
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PifOUfB. A iloiw rnmiiiig a ttructure like an agglutiiiatioa 

«fpc«t. Si3fm»9 nnif, pitat^ ^pea, tnd KiOos, liiAM, wtoae. 
PxmAm VoL III. p. 63. Ttw plant mentioned by Malte-Bnm 
tt probably the Pisiia SUnttioies, a floating plants related to 
Engliih duck-weedy but very much larger. 
Fr Coal. Ordinary ooal ; edUed lo because it is obtained by 

sinking pts in the ground. 
Pr€h Stovx. a rock of a uniform texture^ belonging to the 
unstnuified and Tolcsnic clsMen» which haa an unctuous ap- 
ps aron ce like in^uiated pitch. 
FvAwno Clat. One of the beds of the Eocene tertiary period 
(we Tsble L £, Vol. IV. p. 809.)» so called because it a 
used for msking pottery. The formation to winch das 
name is applied is a teries of beds chiefly sands^ with whidi 
the day is associated. JBtym., rXa^^m, fitm^ to fiwm or 
ftshion. 
PLisxosAuaus. A fossil extinct amphibious animal^ resembling 
the ssnrian, or lissrd and crocodile tribe. Eiynt.f wAif^ir, 
joletknh DOT to^ and saupm, taurof a Usard. 
Pliocxmb. See ezplanstton of this term> Vol. IIL p. S90. 
Plutovic Rocks. Granite, porphyry, and other igneous ro^ 
supposed to have consolidated from a melted state at a great 
depth from the surface. For an explanation of this term, 
see Vol. IV. p. 344. 
PoLYPARiA. Corals. A numerous class of invertebrated 

animals, belonging to the great division called Radiate. 
PoRFHYRY. An unsiratified or igneous rock. The term is as 
old as the time of Pliny, and was applied to a red rock with 
small, angular, white bodies diffused through it, which are 
cr}'stallized felspar, brought from Egypt. The term is hence 
applied to every species of unstratified rock in which de- 
tached crystals of felspar or some other mineral are di€Puaed 
through a base of other mineral composition. £tym» 
iropifvpa, porphyra, purple. 
Portland Limestone, Portland Beds. A series of limestone 
strata, belonging to the upper part of the Oolite Group (see 
Table I. H, Vol. IV. p. 310.), found chiefly in England, 
in the Island of Portland on the coast of Dorsetshire. The 
great supply of the building stone used in London is from 
these quarries. 



0L0S9ART. 399 

PozEDOi^iijk- Volcanic ashes, largely u&cd as monar fur build- 
ings, Mmilarin nature to what is coHeil in this country Roman 
cement. It geU its tume troni Foizuoti, ■ town in the bay 
oF Naples, from whicb it is shipped in large quantities lo all 
parts of the Mediterranean. 

Phecipitati. Substaaces whifh liaving been dissolved in a 
fluid, are separated frooi it by combinliig chemically and 
forming a solid, which falls to thebottom ofthefluid. Tlii^ 
process is the opposite to tliat of chemical solution. 

PiDDUCTA. An eitiact genus of fossil bi<al<e shells, occurring 
only in the older secondary rocks, it is closely allied to the 
living genus Terebratula. 

PtisEBCEBCE. The soft hairy dowuon insects. Etym., pubeico. 
the tirst growth of the beard. 

PunniKasioiii. See " Conglomerate." 

PuaicE. A light spongy lava, of a white colour, produced by 
gases, or watery vapour getting access to the particular kind 
of glassy lava called obsidiaii, when in a ttate of fusion — it 
may be called the froth of melted volcanic glasa. The word 
comei from the Latin name of the stone, punuz. 

PuKBsux LiuESTONi, PuBBEctBiDs. Limcstone ctraiB belong, 
ing to the Wealden Group. See Table I. G, Vol. IV. p. 310. 

PyaiTHS ( Iran). A compound of sulphur and iron, found usually 
in yellow shining crystals like brass, and in almost every rock 
stratified and unstraCifled. The shining metallic bodies, 

of the mineral. The word is Greek, and comei from rvp, 
pi/r. Bre ; because, under particular circumstances, the stone 
produces spontaneous heat, aitd even inflammatioD. 
pYBOurraB. An instrument for measuring intense degrees of 



laiDUHA. Theorderofmammiferouianimals towhichnpes 
lelong. Eli/n., quadnii, a derivative of the Latin word for 
he number four, and manui, liand ; the four feet of thoae 
inimaU being in some degree usable ui hands. 
auA-TiaaaL Dip. The dip of beds lo all poinia of tlie com- 
lais arouud a centre, as in the case of beds of lava round 
he ciM«r of > volcano. Elym., jiiS-qm4 nfrniia, on every 
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RbdMarl. a term often ipj^wd to the Ngw Bid Saafctrwr , 
which is the princ^ mmoAm of Ae Biod 8Mul#yn»GfOii!!i> 
8m Tablo I. K» Vol. IV. p. 311. 

ftracuiASB. Aumctiiraof cHMiliiMii* Ukoaatttt ^padjt»hiL* 
witiculitBdy fipom wto» o net. •<[ :■ 

Book S4xa» Common culinofy lel^ or miiriBii.aC aodop 

in TMt folid mMMS or bedib in dtfiemt 
i&yely in the New Red Sondetoae fiMBHiaD, «• hk fTif^iin, 
jnd it it then called rodfc-eeh. - -^o jJ 

RiDOiiAaTiA. Animali which niminetn or ckow^ihs caod^-iAicfa 
ai the ox, deer, &c. £!(|yii».» the Iiotin y^tb rumkmi-imm^UBg 
the Mine thiagi . aa.uisc 

Saoobaboid^ SAOCBAmiKB. When e etone hae A textare 
liling that of loalleagar. JBtynu, trtutxft 
ttiotf tidtif fotnit 

fiALinV AVOLB. 

In a dgaag 

line, a a are 

the salient 

angles, b h 

the re-entering angles. Etym,, ialirei to lei^ or bound fer- 
. ward. 
Saut Sraivas. Springs of water containing a large quonti^ of 

common salt They are very abundant in Chesfaife and 

Worcestershire, and culinary salt is obtained from them by 

mere evaporation. 
Samostone. Any stone which is composed of an agglutinatiDn 

of grains of sand, whether calcareous, siliceous, or of any 

other mineral nature. 
Saueiav. Any animal belonging to the lisard tribe. JBtymn 

ffavpii, saurot a iiaard. 
SoHiBT is often used as synonymous with slate; but it may bo'wiry 

useful to distinguish between a schistose and a slaty atmotttre. 

The granitic or primary «AtiCs^ as they are tenaed^ auclM» 

gneiss, mica-schist, and others, cannot be split into an inde- 
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!e number of parallel tamms, )il:e rocks which bate a true 
4l>ty cleavage. Tbe uneven schistcue layers of mica-scblst 
aud goeiea are probably layers of deposicion nhich baie 
a^siimtd a crystalline leiture. See "Cleaiage." Eti/m., 
tetdttiu, tAy Latiii ; IbaE uhich may be split. 

ScBiBTOSB Rocks. See " Schist." 

ScoBUi. Volcanic ciDiJvrB. The wortt is Latin for cinders. 

SxiHi. Thin layen which separate two strata of greater magni- 
lude. 

Seconuakt SibjITA, Ad extensive series of tbe strstilied rocka 
which compose the crust of the globe, with certain characters 
in commoQ, wtiidi disdnguish them from another series 
below them, called primary, and from B third aeries above 
them called tertiary. See Vol. IV. p, 281., and Table I. 
Vol. IV. p. 308. 

Secuub REFHieEiULHoir. The periodical cooling and eoniolid- 
ation of tbe globe from a supposed original slate of fluidity 
from beat SactUun, age or period. 

SKDiMEHTiBr BocTB, are those which have been formed by Ibeit 
materials having been thrown down from a state of suspen- 

Selemtk. CryslBlliicd gypsum, or sulphate of lime — a simple 

SiFTABiA. Flattened balls of stone, generally a kind of iron- 
stone, which, on being split, are seen to be separated in their 
interior into irregular masses. Etifm., tepta, ioclosures. 

Sebi-estiki. a rock usually containing much magnesian earth, 
for the most part tinatnttifled, but sometimes appearing to be 
an altered or metamorphic straUGed rock. lis name is de- 
rived from frequently prmenling contrasts of colour, like tbe 

Shalk. a provincial term, adoiited by geologiits, to eiprets 
an induiated slaty clay. Etym., German jcAuEm, to peel, to 
split. 

Sheli. AlAni.. A deposit of clay, peat, and othvr subatancei 

Shiholb. Tbe loose and completely waier-woni gravel on the 
Silh. The name of one of the pure earths, being tbe Latin 
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won ' flini, irblcb it Ktwilf composed of that (anb, 

Frei. ,[eologUu hare applied it as n generic name for ail 

minerds compoied eutirel; of tbst earth, of wtiid there are 
manjr nf different titernal forms. 

Silica. One of the pure earthi. SlgPl; ukx, fliot, becnoe 
found in Ihat mineral. 

SiLicjtTi. A chemical corppounduf silica and another substance 

mislry. 
Sttlcioua. or or belonging to the earth of flint. Etym., itbi, 

which see. .* siliceous roct is one nuilnly compoted ofalei. 
SnJciriiD, An; subsUnce that is petrified or mineraltaed b; 

lUicema earth. 
Alt. The more comminuted sand, cla;, and earth, which is 

transported bj running water. It is often accumulated bj 

currents in banks. Thus the mouth of a river is silted of 

SiMFiE MniEHiL. Individual mineral subslanceB, as diaav- 
guished from rocks, which last are usually on oggregatkin of 
simple minerals. Tbty are not simple in regard to that 
nature; for, when subjected lo chemical analysis, the; lit 
found to consist of a variety of dilTerent substances. Pyrites 
is a simple mineral in the sense we use the term, but it is » 
chemical compound of sulphur and iron. 

Slate. See •■ Cleavage " and ■'Schist." 

SoifjUARA. a volcanic vent from which sulphur, sulphureous, 
watery, and acid vapours and gases are emitted. 

Sroantis. The reproductory corpuseula (minute bodies) of 
cryptogamic plants. Etym., mropi, spimi, a seed. 

Stalactite. When water holding time in wiluUon depo^u it as 
it drops from the roof of a cavern, long rods of atone hang 
down like icicles, and these are called atalactitei. £tym., 
m-aXaiai, slalaw, to drop. 

BrALAOMrrE. Wlien water holding lime in solution drops on 
the floor of a eavem, the water evaporating leaves ■ crust 
compoied of layers of limestone ; such a crust U called diiag- 
mite, tttaa ara^rf/ia, itategma, a drop, in oppo^doD to tfa- 
factit^ wUeh see. 
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Smtiul FiuDii. The figure which results from the equilibrium 

of finceB. From m-aTsi, siataa, aCable, or standing stilL 
SiEKNUH, Tbe bnuBt bone, or the diLt bone occupying the 

front of the chest 
StilbitE' a crystalliicd simple mineral, usually white, one of 

the Zeolite family, frequetitly included in the moss of the 

trap rocks. 
SriULTiriED. Rocks arranged in tbe form of strata, which see. 
SlBlTlflc Alton. An arrangement of rocks in strata, which see. 

Terb ilriid, to fltrew or lay out, means a bed or ransa of matter 
spread out over a certain surface by the action of water, or in 
some cases by nind. The deposition of successive layers of 
sand and gravel in the bed of b river, or in a canal, aiTonls a 
perfect iiliistra,tion both of the form and origin of stratificatiDa. 
A large portion of the miissei constituting the earth's crust 
are thus stratified, the successive strata of a given rock, pre. 
serving a general par^lelism to each other; but the planes 
of olratification not being perfectly parallel throughout a 
great eitent like the planes of deatage, which see. 

Stai.i. The direction or line of bearing of alrals, which is 
always at right angles to their pretailing dip. For a fuller 
eiplanatioD, see Vol. IV. p. SSfl. 

SuuriHNiNKS. l<ov hills which ^kirt or lie at the foot of the 
great chain of the Apennines in Italy. Tlie term Subapen. 
nine is applied geologically to a aeries of strata of the Older 
Pliocene period. 

SvrNiTE. A kind of granite, so called because il was brought 
from Syene in Egypt. For geological acceptation of the 
term, see Vol. IV. p. 351. 

Synclinal Aus. See "Anticlinal." £lffm., ow, rjn, together, 
nnd K^im, clino, to incline. 

T41.DE. When fragments are broken off bj the action of the 

weather from tbe face of ■ steep rock, as they nccumulate 

Is foot, Ibey form a sloping heap, called a talus. The 

n u borrowed from tbe language of fortification, where 

'J means the outside of a wall of which the thickness is 

r diminished by degrees, an It rises in beigbt, to midce it the 
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Wa6SB> a rork nearly allied to basalt, of which it may be re- 
garded Is a loft and earthy variety. 

ZioUTB. A family of simple minerals, including stilbite, meso- 
type, analdme, and some others, usually found in the trap or 
volcanic rock^ Some of the most common varieties swell or 
boil up when exposed to the blow-pipe, and hence the name 
of {"fw, »eot to boil, and \i0os, lUhos, stone. 

JEoorHTTU. Corals,* aponges, and other aquatic animals allied to 

■ 

•h«m ; to called because, while they arc the habitaiioa of 
^Auala, they are fixed to the ground, and have the forms of 
r^nta. £f^m.f {Woy, won, animal, and ^vrov, phyton, 
plant. 
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